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1 D0 not pretend to give the origin of Fire- 
works, which ſome affirm were uſed 1n the 
Trojan war. ; a a 5 


It is ſabfſejent for me, that they kev fourithed 
Aa long time, and continue to do ſo in all polite 
nations. I am ſenſible that there are many 
treatiſes on this ſubject, but they are hs 
and erroneous. 


1 have avoided prolixity without being obſcure ; 
my rules are plain, and I have endeavoured to 
lead the reader in the eaſieſt manner, from the 
minuteſt circumſtances to the higheſt, and have 

carefully kept to the ſubject. I cannot help re- 
flecting with ſome chagrin, that, when we have, 
theſe diverſions exhibited, we have moſtly had 
recourſe to foreigners; if owing to our ignorance 
on this ſubject, I ſhall be . if 3 in my Fewer 
to correct them. 
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SECT. IL—SALTPETRE. 


OALTPETRE being the principal ingredient in fire- 
| works, and a volatile body, by reaſon of its aque- 
ous and acrial parts, is eaſily rarified by fire; but not ſo 
ſoon when foul and groſs, as when purified from its 
crude and earthy parts, which greatly retard its velo- 
city: therefore, when any quantity of Fireworks are to 
be made, it ſhould be examined; for if it is not well 
cleanſed, and of a good fort, your works will not have 
their proper effect; neither will it agree with the ſtanding 
proportions of compoſitions : but to prevent accidents 
] ſhall proceed with the method of refining it. 


To refine SALTPETRE. 

Put into a copper, or any other veſſel, 100 Ib. of 
rough nitre with 14 gallons of clean water; let it 
| boil gently half an hour; as it boils take off the ſcum; 
ten ſtir it, and before it ſettles put it into your filtering 
bags, which muſt be hung on a rack, with glazed 
earthen pans under them, in which muſt be ſticks laid 
acroſs for the cryſtals to adhere to; it muſt ſtand in the 
ans 2 or 3 days to ſhoot, then take out the cryſtals and 

be them dry: the water that remains in the pans boil 
again an hour, and ſtrain it into the pans as before, 
and the ſaltpetre will be * clear and tranſparent; 


. ARTIFICIAL 5 
if not, it wants more refining, to do which proceed 48 
uſual, till it is well cleanſed of all its earthy parts. 
N. 3. Thoſe who do not chuſe to procure their 
ſaltpetre by the above method, may buy it ready done, 
which for fireworks in general will do. 7 
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To pulveriſe SALTPETRE. 

Take a copper kettle whoſe bottom muſt be ſpherical, 

| and put into it 14 1b. of refined faltpetre, with 2 

ſ quarts or 5 pints of clean water; then put the kettle on 
a flow fire, and when the ſaltpetre is diſſolved, if any 
impurities ariſe, ſkim them off, and keep conſtantly 
ſtirring it with 2 large ſpatulas, till all the water exhales ; 
and when done enough, it will appear like white ſand, 

and as fine as flour; but if it ſhould boil too faſt, take the 
kettle off the fire, and ſet it on ſome wet ſand, which 
will prevent the nitre from ſticking to the ' kettle. 
When you have pulveriſed a quantity of ſaltpetre, be 
careful to keep it in a dry place, of Po Ol 
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To extract SALT PET RE from damaged 
GUN- POWDER. 5 


Have ſome filtering bags, hung on a rack, with glazed 
earthen pans under them, in the ſame manner as thoſe 
for refining ſaltpetre: then take any quantity of damaged 
powder, and put it into a copper, with as much 
clean water as will cover it; when it begins to boil 
take off the ſcum, and after it has boiled a few minutes, 
Mir it up; then take it out of the copper with a ſmall 
hand kettle for that purpoſe, and put ſome into each 
bag, beginning at one end of the rack, ſo that by the 
time you have got to the laſt bag, the firſt will be ready 
for more; continue thus, till all the bags are full; 
then take the liquor out of the pans, which bil and 
filter, as before, 2 or 3 times, till the water runs quite 
 Elear, which you muſt let ſtand in the pans ſome time, 


and 


FIREWORKS. 3 7 
and the ſaltpetre will appear at top. To get the ſaltpetre 
entirely out of the powder, take the water from that 
already extracted, to which add ſome freſh and the 
dregs of the powder that remain in the bags, and put . 
them in a veſſel, to ſtand as long as you pleaſe, - and 
when you want to extract the nitre, you muſt proceed 
with this mixture as with the powder at firſt, by which 
means you will draw out all the ſaltpetre ; but this 
* muſt be boiled longer than the firſt. 


SULPHUR, Or Han tones. 


Sulphur 3 18 by nature the food of fire, and one of the 
principal ingredients in gunpowder, and almoſt in all 
compoſitions of fire works; therefore great care muſt be 
taken of its being good, and brought to the higheſt 
perfection. To know when the ſulphur j is good, you 

are to obſerve that it is of a high yellow, and if, when 
held in one's hand. it crackles and bounces, it is a ſign 
that it is freſh and good : but as the method of reducing 
brimſtone to a powder ! is very troubleſome, it is better 
to buy the flour ready made, which is done in large 
quantities, and in great perfection: but when a grand 
collection of fireworks are to be made, the ſtrongeſt 


and beſt ſulphur is the lump brimſtone ground in the 


ſame manner as gunpowder, which you will find in the 
following part. 


To prepare CHARcOAL for Fireworks. 
Charcoal is a preſervative by which the ſaltpetre 


and the brimſtone is made into gun- powder, by prevent= 


ing the ſulphur from ſuffocating the ſtrong and windy 
exhalation of the nitre. There are ſeveral ſorts of wood 
made uſe of for this purpoſe; ſome prefer hazle, others 
willow and alder; but there being ſo little difference, you 
may uſe either, which is moſt convenient to be got. 
And the method of burning it is, Cut it in pieces 
| about I or 2 feet long, then ſplit each piece in 4 parts; 

B 2 ſcale 
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.  feale off the bark and hard knots, and dry them in the 
ſun or in an oven, then make in the earth a ſquare hole, 
and line it with bricks, in which lay the wood, croſſin 
one another, and ſet it on fire; when thoroughly light- 
ed and in a flame, cover the hole with boards, and fling 
earth over them cloſe, to prevent the air from getting in, 
yet ſo as not to fall among the charcoal; and when it 
has lain thus 24 hours, take out the coals and lay them 
in a dry place for uſe. It is to be obſerved, that char- 
coal for fireworks muſt always be ſoft and well burnt, 
which 0p be bought ready done, 


To make Artificial Caur Hok. 


Camphor, in the Materia medica, 8 13 body of a 
particular nature, being neither a reſin, a volatile 
ce falt, an oil, a juice, a bitumen, or a gum, but a 
* mixed ſubſtance, dry, white, tranſparent and brittle, 
of a ſtrong and penetrating ſmell. The Indians diſ- 
* tinguiſh two kinds of it, a finer and a coarſer ; the 
„ finer is the produce of Borneo and Sumatra, is very 
rare, and is hardly ever ſent into Europe; the coarſer 
is the Japoneſe, which is the common, both in the 

6 Indies and in Europe. 
„ The camphor, which we meet with in ſhops, eis 
alſo of 2 kinds, differing in regard to the degree 
of their purity, and diſtinguiſhed by the. name of 
Rough and Refined. The tree, which produces cam- 
„ hor, is a ſpecies of bay tree, every part of which 


„abends with camphor ; but is not collected from 
it in the manner of reſins, but by a fort of chemical 


&« procels, — The natives of the place where the trees 
grow, cut the wood and roots into ſmall pieces, 
and put them into large copper veſſels, which they 
“cover with earthen heads, filled with ftraw ; they 

* give a moderate fire under them, and the camphor i 18 
« raiſed in form of a white downy matter, and retained 
"66 among the ſtraw ; when the proceſs is over, they 


„ ſhake 


cc 


66 bled to pieces; they are moderately heavy, of a 
« oreyiſh or duſky reddiſh white in colour, of a pun- 


gent ſmell and acrid taſte, and what we call rough | 


«Soon : 
« Refined camphor muſt be choſen of a perfectly 


& clean white colour, very bright and pellucid, of the 
£ 


N 


6 


* 


e may keep its particles together,” _ 1 05 
There is alſo an artificial cam phor for fireworks, 
which is made from gum ſandarach pulveriſed 2 pound, 


incloſe it in lin- ſeed, that the viſcoſity of that grain 


and diſtilled vinegar enough to cover it; put them 
in a glaſs phial, and ſet it 20 days in warm horſedung. 


Then take it out, and pour it into a large- mouth phial ; 
and expoſe it- to the ſun a month, and you will have a 
concreted camphor in form of the cruſt of bread, and 
ſomething like the natural camphor : which when. you 
uſe muſt be ground to a powder with a 1 ttle ſpirits of 


wine in a murtar, Though we have here taught the 


method of making artificial camphor, I. would not 


recommend it to thoſe who chuſe ro make their works 
to perfection, the natural camphor being by far the 


To make the Oir of Caurhoz, 


Which is ſometimes uſed to moiſten compoſitions. | 
It is produced by adding to ſome camphor a little oil of. 
| ſweet almonds, and working them together in a braſs 


mortar, till it turns to a green oil. 


N. B. Thoſe works that have any camphor in their 
compoſitions, ſhould be kept as much from air as poſ- 


ſible, or the camphor will evaporate, wy 
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« ſhake it out of the ſtraw, and knead it into cakes. _ 
« Theſe cakes are not very compact. but eafily crum- . 


ſame ſmell and taſte with the rough, but more acrid 
and pungent.—lIt is ſo volatile that merchants ufually 


Aenne 


Benjamin. 
Benjamin is a refin (much uſed by perfumers, and 
ſometimes in medicine); it is brought from the Indies, 
where it is found of different ſorts; and diſtinguiſhed 
by colours, viz. y:llew, grey, and brown; but the 
beſt is that which is eaſy to break and full of white ſpots. 
Benjamin is one of the ingredients in odoriferous fire- 
works, when reduced to a fine flour; which may be 
done by putting into a deep and narrow earthen 
pet, 3 or 4 0z. of benjamin groſsly pounded ; cover the 
pot with paper, which tie very cloſe round the edge; 
then ſet the pot on a flow fire, and once in an hour take 
off the paper, and you will find ſome flour ſticking to 
it, which return again in the pot; this you muſt con- 
tinue till the flour appears white and fine. There is 
alſo an oil of benjamin, which is fometimes drawn from 
the dregs of the flour ; it affords a very good fcent, and 
may be uſed in wet compoſitions. 


Okricin of GUN-POwDER. 


Gun- powder being the principal ingredient in fire- 
works, it is proper to give a ſhort definition of its ſtrange 
exploſive force, and cauſe of action, which, according 
to Dr. Shaw, the chemical cauſe of the exploſive force 
of gun-powder, is, Each grain df powder conſiſting 
of a certain proportion of ſulphur, nitre, and coal, 
the coal preſently takes fire, upon contact of the 
ſmalleſt ſpark : at which time both the ſulphur and 
the nitre immediately melt, and by means of the coal 
interpoſed between them, burſt into flame ; which 
ſpreading from grain to grain, propagates the ſame 
effect almoſt inſtantaneouſly : whence the whole mats 
of powder comes to be fired; and as nitre contains 
de both a large proportion of air and water, which are 
& now violently rarified by the heat, a kind of fiery 
Xe es - «« exploſive 
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. & exploſive blaſt is thus produced, wherein the nitre 
« ſeems, by its aqueous and atrial parts, to act as bel- 
«© lows to the other inflammable bodies, ſulphur and 
& coal, to blow them into a flame, and carry off their 


e whole ſubſtance in ſmoke and vapour.” 


Alfter having ſpoke of the nature of powder, I ſhall 
in the next place proceed to its origin, though ſome- 
what uncertain ; but it is imagined to have been invent- 
ed in the time of alexander the Great, as hiloſtratus 
ſpeaks of a city near the river Hypafis in the Indies, that 
was ſaid to be impregnable, and its inhabitants relations 
of the gods, becauſe they threw thunder and lightning 
on their enemies; but this perhaps might be the effect 
of gun-powder, which, not being known to other peo- 
ple, might well be faid to be thunder and hght- 
ning. VV nn 
This conjecture has been confirmed by ſome. travel- 
lers, who aſſert that it was uſed in the Eaſt-indies par- 
ticularly in the Philippine -Iflands, about 85, Which 
is 1265 years before it was known in Europe, where 
they ſay it was not known till 1450, though, it is ſaid, 
there is mention made of ' gunpowder in the regiſters of 
the chambers of accounts in France, in 1438; and 
Friar Bacon mentions the compoſition of powder in ex- 
preſs terms, in his treatiſe Ne nullitate magiae, publiſh- 
ed at Oxford in 1216; but we. find from moſt accounts, 
that the Germans have the honour of the inven- 
tion. | 185 „ 
I ſhould give a deſcription of a machine for trying 
gun- powder, but they are ſo common. it would be 
needleſs; yet would have all who practiſe this art 
know, that, when they make ſky rockets with powder, 
it muſt be of the beſt kind; but as to wheels, and 
other common works, any will do, only be careful it is 
Auite dry. 3 
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Compoſitions for GuN-rO-’¾EER of dif- 

ferent kinds. 
Having treated of the nature of powder, and its 

origin, | ſhall give the proportion of each ingredient, 
it being proper that every one who uſes powder, ſhould 

* "know of what it is compoſed Therefore, I ſhall ſet 

| down the ſeveral compoſitions mentioned in Cafimir 
Siemienowicz's grind art of artillery, in which there 

are fix ſorts, viz. 5 f 


23 Ib.] . ; C25 lb. 
W. 2815. 


i 
II. 


III. V Saltpetre 100 lb. ſulphur } 2 lb. Land coal | 1 5 lb. 
| V. f Wo | 151b. | I8 Ib. 5 
VI. | Liolb,s 8 w. 


Hel idor, in his Hydraulics, ſpeaks of a compoſion 
for gun- powder, which is, to 30 lb. of ſaltpetre, add 
5 lb. of ſulphur, with as much coal: but the proportions. 
of the ſeveral ingredients are to be found beſt by ex- 
perience. Though there has been ſo much practice in 
making powder, there has not yet been aſcertained a ſtand- 
ing proportion of the nitre, ſulphur, and coal; but it is 
hoped that in time this great and noble invention will 
be much improved, and that the different and beſt 
quantity of every ingredient will be aſcertained. At the 
powder mills they generally allow for waſting, in making 
up, 1 2 Ib. in 100. Their mixture for 100 of good 
powder is thus: To 76 4 lb. of ſaltpetre, well refined 
and dry'd. 12 4 lb. of coal, and as much ſulphur, 
which makes 1014 lb. which when worked up will 
nearly weigh 100. As gun-powder is capable of being 
improved, I ſhall -not omit any particular that may be 
of ſervice to ſuch as are willing to make experiments ; 
viz. refined ſaltpetre 51b. ſulphur 1 lb. 40z, and char. 
coal 7 4 O. N : 


\ 
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Pp 
T * you may havea good proportion of ingredients, 
the powder will not always be the ſame: much depends 
on their being well incorporated, corned and dry'd, the 
| method OL which will be taught in the next adele. 


To reſtore > damaged Gua-roveih to its 
18 Proper ſtrength. „„ 


It is certain, 1 8 if powder is kept long in a damp 
| pac, it will become weak, and great part formed into 
ard lumps, - a ſure ſign of its being damaged. When' 
powder is thus found, you will ſec at the bottom *of 
the barrel ſome ſaltpetre, which, by being wet, will 
ſeparate from the ſulphur and coal, and fall *to the bot- 
tom of the veſlel, and {ſettle in the form of a white 
downey matter ; but the only method to prevent this, 
is to move the barrels as oft as convenient, and place 
them on their oppoſite fides or ends: but though the 
greateſt care be taken, length of time will oreatly leſſen 
its primitive ſtrength. 
Therefore when any of theſe accidents happens, You 
may recover it by applying to theſe directions; for ex- 
ample, if you imagine that it has not received much 
damage, proceed thus. Spread it on canvas, or dry 
boards, and expoſe it to the ſun, then add to it an equal 
quantity of good powder, and mix them weil, and, 
when thoroughly dry, barrel, and put it in a dry and 
proper place. But if gun-powder is quite bad, the 
method to reſtore it is; firſt, you muſt know | what 
it weighed when good; then, by weighing it again, 
you find how much it has loſt by the ſeparation and. 
evaporation of the ſaltpetre; then add to it as much re- 
fined ſaltpetre, as it has waſted, but as a large quantity 
of this would be difficult to mix, it will be beſt to put 
a proportion of nitre to every 20lb. of powder ; when 
done, put one of theſe proportions into your mealing 
table, and grind 1 it, till you have brought it to an im- 
palpable 9 then ſearce it With a fine ſieve; but it 
any 


10 PT 
any remain in the ſieve that will not paſs, return it to 
the table, and grind it again, till you have made it all 
fine enough to go through; being thus well ground and 

ſifted, it muſt be made into grains thus: firſt you muſt 
have ſome (copper wire ſieves) made to what ſize you 
Intend the grains ſhould be; theſe are called cornipg 
ſieves or grainers, which fill with the powder com- 
poſition, then ſhake them about, and the powder will 
- paſs through the fieve, formed into grains. Having 
thus corned it, ſet it to dry in the ſun; and when quite 
dry, ſearce it with a fine hair fieve, to ſeparate the duſt 
from the grains. This duſt may be worked with an- 
other mixture; ſo that none will be waſted : but ſome- . 
times it may happen, that the weight when good can- 
not be known; in which caſe add to each Ib. 1 oz. or 
1 4 0z, of faltpetre, according as the powder is decayed, 
and then grind, ſift, and granulate it as before 
N. B. If you have 'a large quantity of powder, that 
is very bad, and quite ſpoiled ; the only way is to ex- 
tract the ſaltpetre from it, according to the yſual man- 
ner: for powder thus circumſtanced, will be very. dif- 
enn J 
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SkLENT Pow ER, commonly called Warts 
Pow RER. 8 


It would be rather abſurd to imagine, that it is poſ- 
fible for gun- powder to have any effect without ſome 
report, when it is well known, that the ſaund does not 
proceed from the powder only, but from the air being 
rarified by the expanſion of it. og 

It is evident, that any compoſition acting with the 
ſame exploſive force, will produce the ſame effect, in 
every reſpect. . Yer for ſuch I never had any proof, nor 

ever knew any experiment made of it, but have ſo little 
faith in it, that I ſhould not have given it a place in 
this work, had it not been treated of by ſome authors 
of note ; and at the ſame time giving every one, who 
"003 — 
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is fond of this” art, all opportunities of making experts 
menen and of knowing every _ relating to It. | 


To make Stray PowpR.. 


For the firſt ſort, mix 21b, of borax, with 4b. of 
gun- powder, 


2d. Add Z lb. of lapis-calaminatis, and 1 lbb. of botax, 
to 2 Ib. of powder. 


3d. To 61b. of gun- powder J 1b. of calined moles, 
with as much borax of Venice. 

th. To 6 Elb. of faltpetre, 8 4 lb. of ſulphur, and 
IIb. of the ſecond bark of an er tree, burnt and 
1 ground to a powder, with 2 1b. of common ſalt. h 
There are many other methods of making ſilent pow- 
der, according to report, by uſing camphor or touch- 
wood inſtead of charcoal, or by adding to the common 
powder burnt paper, hay ſeed, &c. When any of theſe 
ingredients are to be mixed with common powder, grind 
them together, and make chem into grains. 


Gun-yowDsR of different Colours. 


Notwithſtanding the repeated trials and experiments, 
made by the greateſt artiſts, to add to the ſtrength of 
gun-powder, all have proved ineffectual, and moſt; have 
agreed that the preſent powder will not admit of a fourth 
ingredient: therefore it is evident, that any thing being 
mixed with the preſent compoſition would rather reduce 
its ſtrength than add to it; conſequently coloured powW- 
der muſt be weaker than black : ſo that the making of 
powder of different colours, is only a fancy that ſerves 
to pleaſe the curious, without any other effect. 


To make GuN-roWẽ DER white. 


To 61b. of ſalt-petre, add 1 1b. of the pith of an eller 5 
tree, well dried and pulveriſed, with a ſufficient quan- 


tit y 
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_ n dane to make it into powder, Which you 
Will Tad in the compoſition of gun- powder, or 1 Oz. of 

- the ſalt of tartar, calcined till it comes white, and then 
boiled in clear water, till the water is all evaporated. 


„„ e PowDER red. 


. Boll in in water ſome braſil wood or vermillion and 1 1b. 
of chopped paper ; and, when boiled for ſome time to 
draw out che colour, dry and meal it with 1 lb. of ſul- 
phur, and 8 lb of ſaltpetre. 
Or, to lb. of ſaltpetre, 1 lb. of ſulphur, and Z lb. of 
SOT, and blood ſtone 11b. 


To make Yellow PowDER. 


Take $1b. of ſaltpetre, 1 1b. of ſulphur, and 1 Ib. of 
wild ſaffron, that has been boiled in aqua vitæ, and ate 
terwards made dry and mealed. 


To make Green PowDEzR. . 


Boil 2 Ib. of rotten wood, with ſome verdegreafe in 
aqua vitz, then dry and pound it, and mix it with 1 Ib. 
of ſulphur, and 101b. of ſaltpetre. 


. make Blue Powpxk. 7 


Boil ſome indigo in aqua vitæ, with 1 1h. of the bark of 
a young linden tree, then dry and reduce it to a powder, 
and mix it with 11b. of brimſtone, and 8 lb. of ſaltpetre. 


T o raake Pulvis Fulminans, or Thunder : 
in a Room. 


This compoſition is ſimple, yet has a very curious 
effect; it is made 3 parts of ſaltpetre, 2 of ſalt of tartar, 
and 1 of ſulphur, all ground to à fine powder, and well 

mixt. As the effect of this * der 1 is quite different * 
1 | at 


. © 


* 
. | 
* # 3 
Ls 


FIREWORKS. 


firing it, which is thus: Put about 2 tea ſpoonfulls of 


it into a fire-ſhovel, or iron ladle, and ſet it over a 


flow fire, and when it is quite hot, it will go off with a 


violent report. There is ſomething ſurpriſing” in the 
nature of this compoſition ; for as the common powder 
acts every way equal, and makes the greateſt noiſe when ' 


confined, this, on the contrary, acts only downwards, 
and makes the ſtrongeſt report when not confined. : 
There is another ſort of fulminating powder, called 


fulminans aurum, on account of there being gold mixed 


in its compoſition, which is done by a chemical prepa- 
ration; but as the preparing of the ingredients requires a 
tedious and expenſive proceſs, I ſhall omit the method of 
doing it, and let thoſe who chuſe to make chemical ex- 
periments refer to authors on that ſubject, by whom 
they will find the manner of making it. It is ſaid one 
grain of fulminans aurum, when made to perfection, 
and held on the point of a knife, over a candle, will 
make a report louder than a muſket, - 3 
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Sgcr. II. SrUR-FIEE. 
Ms fire is the moſt beautiful and curious of any 
1 yet known, and was invented by the Chineſe, but 
now is in greater perfection in England than in China. 


As it requires great trouble to make it to perfection, it 


will be neceſſary that beginners ſhould have full inſtrue - 
tions; therefore care ſhould be taken that all the ingre- 
dients are of the beſt, that the lamp- black is not damp 
and clodded, that the ſaltpetre and brimſtone are tho- 
roughly refined. This compoſition is generally rammed 
in 1 or 2 ounce caſes, about 5 or 6 inches long, but not 
drove very hard; and the caſes muſt have their concave 
ſtroke ſtruck very ſmooth, and the chuak or vent not 


quite fo large as the uſual proportion; this charge, when 


liven and kept a fey months, will be much better than 


when 


— 
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chat of gun-powder, ſo is ere a different method o 
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_ years. 
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when rammed, but will not ſpoil, if kept dry, in many 


* 


As the beauty of this compoſition cannot be ſeen at 


ſo great a diſtance as brilliant fire, it has a better effect 


in a room than in the open air, and may be fired in a 
chamber without any danger: it is of ſo innocent a nature, 


that, though with an improper phraſe, it may be called 


a cold fire; and ſo extraordinary is the fire produced from 
this compotition, that, if well made, the ſparks will not 


burn a handkerchief, when held in the midſt of them; 


you may hold them in your hand while burning, with as 
much ſafety as a candle; and if you put your hand within 
a foot of the mouth of the caſe, you will feel the ſparks 
like drops of rain, When any of theſe ſpur-fires are 
fired fingly, they are called artificial flower pots ; but 
ſome of them placed round a tranſparent pyramid of 
paper, and fired in a large room, make a very pretty 
APPCEArance, | | 


Compoſition for the SruR- FIE. 


Saltpetre 41b. 8 oz. ſulphur 21b. and lamp-black 11b, 
SEES 3 e 

Or, ſaltpetre 1 lb. ſulphur lb. and lamp- black 4 quarts. 
Ihe ſpur- fire compoſition being very difficult to mix, 


and the manner of doing it quite different from any other, 


I ſhall here treat of it ſeparately; for example, the ſalt- 
petre and the brimſtone muſt be firſt fifted together, and 
then put into a marble mortar, and the-lamp-black with 
them, which you work down by degrees, with a wooden 
peſtle, till all the ingredients appear of one colour, which 


will be ſomething greyiſh, But very near black; then 


drive a little into a caſe for trial, and fire it in a dark 
place; and if the ſparks, which are called ſtars, or pinks, 
come out in cluſters, and afterwards ſpread well without 


any other ſparks, it is a ſign of its being good, otherwiſe 
not; for if any drofly ſparks appear, and the ſtars not 
full, it is then not mixed enough; but if the pinks are 
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very ſmall, and ſoon break, it is a ſign that you have 
rubbed it too much. | 3 
Ni. B. This mixture, when rubbed too much, will be 

too fierce, and hardly ſhew any ſtars; and, on the con- 
trary, when not mixed enough, will be too weak, and 
throw out an obſcure ſmoke, and lumps of droſs, with- 
out any ſtars. The reaſon of this charge being called 
the ſpur- fire, is becauſe the ſparks it yields have a great 

reſemblance to the rowel of a ſpur, from whence it taxes 
its name. 


Characters to the Ingredients uſed in 


Fireworks. 
Meal 1  — — M 
Corned © Powder l — — — 2 
Saltpetre — — - 9 
Brimſtone— ? —— — TT 
Crude Sulphur — —2 — — CZ 
Saw-duft or Beech-raſpings —— — BR 
Steel or Iron filings ——— w——— — $X 
| Braſs — — — BX 
Tanners (of Bark —— —ʃ TN 
Caſt Iron — — — C[ 
Antimony Crude  — — CA 
Camphor — — N 
Yellow Amber! AY 
Lapis Calaminaricss | —— — —<—— LIS 
| Lamp Black — ms . 
| Spirit T'of Wine — 3 W 
Spirits 1 Turpentine 
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Their uſe i is, that by them the receipts may be con- 


8 trated, ſo that they may be contained in a leaf of a 


pocket book, which is much leſs than any table that 


has yet been invented. And they are convenient for 
travellers. 


4 . 


1 To meal GUun-powDER, BriMsTONE, and 


CHARCOAL. 


There have been many methods uſed to grind theſs 
ingredients to a powder for fireworks, ſuch as large mor- 
tars and peſtles, made of ebony, and other hard wood ; 


> and horizontal mills- with braſs barrels ; but none have 


proved fo effectual and ſpeedy as the laſt invention, that 
of the mealing table, repreſented in Plate I. Fig, I. made 
of elm, with a rim round its edge, 4 or 5 inches high; 
and at the narrow end, A, is a ſlider, that runs in a 

groove and forms part of the rim; ſo that when you have 
taken out of the table, as much powder as you can, 
with the copper ſhovel Fig. 2. ſweep all clean out at the 
Alider A. When you are going to meal a quantity of 
poder, obſerve not to put too much in the table at once; 
but when you have put in a good proportion, take the 
muller, Fig. 3. and rub it till all the grains are broke; 
then ſearce it, in a lawn ſieve that has à receiver and top 
to it; and that which does not paſs through the ſieve, 
return againto the table and grindit, till you have brought 
it all fine enough to go through the fieve. Brimſtone 
and charcoal are ground in the ſame manner, only the 
muller muſt be made of ebony; for theſe ingredients, 
being harder than powder, would ſtick in the grain of 
elm, and be difficult to grind; as brimſtone is apt to 
flick and clod to the table, it will be beſt to keep one 
for that purpoſe, by which means you will always have 
your bree clean and w el ove. 


To 
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To propa Cara for Gerbes, we 0 
Fountains, and Chigeſe Fire. 


 Caft-iton being of ſo hard a nature, as por en be cut 
by a file, we are obliged to reduce it into grains, though 
3 difficult to perform; but if s ſconſider what 
beautiful ſparks this 25 of iron yields, no pains 1 in 85 
be ſpared to granulate ſuch an effential mäteriaf, o do 
which, get at an iron foundry ſome thin E 'of ion, deen £ 
as generally runs over the moulds at the time of caſting : 
then have à ſquare block made of caſt iron, and an iron 
ſquare hammet about 4 Ib. weight then, having coiered 
che floor with cloth, or ſomething to catch che beatings, 
lay the thin pieces of iron on the block, and beat them 
with the hammer, till reduced into ſmall grains, which 
afterwards ſearce with a very-fine ſieve, to ſeparate the 
fine duſt, which is ſometimes uſed in ſmall caſes Pau 
hant fire, inſtead of ſteel duſt ; and when you” have got 
+ out, all the duſt, ſift what remains with. a-heve a Wye 
larger, and ſoon with fieves of different fizes, Hſt S 
paſſes through abaut the bigneſs of ſmall bird ſhot : your 


iron thus beat. and ſifted, put each ſort 1 into Te ten boxes 
95 f. ed _— iq keep. it from m ruſting. V hen. yu uſe 
it, obſerve the difference of its fize, in prop rtipꝑ ta the 


caſes for which the charge is intended ; for the 2 ; 4 . 


ſort is . FINS for very larges gerbes ,, of TL» 8b. 
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FO for Se, Recke, &c. 
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| Rockets of K of Fo 


Mead powder Ih. 40. ene 40. and char- 
| oaks on, 
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8 Cy Rockets: 


Ms * ner one — 
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= op Sky Rockets i in FEET EL 11 


0 2d —— N Large Sky Rockets.:: , 
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TT Rockets of Eight Ounces. 


& Mealed 3 powder : 11b, alrpetre 40. brimſtons 3 0 z. 
and charcoal 1 0z. and . 
I. Meal powder 11b; and Hs ad charcoal 4 OZ, and by 


Je 3140 174 


Rockets vf © One Pound; 150 Wo 


"Meat r 2 lb. ſaltpetre $ 02. brimſtone 4 02. . char- | 
i] 2 OZ and ſteel filings . I 02. and 2. 


7% 


thi Spee Alb. brimſtone 1 Hb. and charcoal 1 lb. 3 i, 
II. Saltpetre 4 lb. brimſtone 1 Ib. * charcoal 115. : 
12 OZ. IL meal powder „ 8 


7 
F i 
6 — 
5 _— 2 * 


© Saltpetre . 4 lb. meal powder .1 1b. and brimſtone I Ib. 


Ce Hin to be "uſed. in Rockets M 
3 a middling ſize. 


Ser 8 w. ſulphur 3 lb. meal powder lb. 
SUE: Viet Saltpetre ws If lb Ahe 2 lb. meal FRE, lb. dear. 
coal Ib. 


N 2 * 725 0 
N « 55 * 5 . , bs ” 4 " Fa | 4 5 
0 8 7 . A \ 4 ; ts * * * . . 
1 2 * a 4 84 IF: . L ; ? A 
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Caan. ih Rocket Wars © 


I 72 | IN TS> © * 
White cd. 8 
Meal owder 402. altpetre 22. phur vivum 
. 6 ox. oil of bac 2 of. and be 5 


215 5 i 4 Th OO Blue stars. | Wear ; by wy my 
Meal nene 8 0z. ſalpetre 45 futphyr 255 Apis of 
wine 2, and oil of ſpike 2; | 1 
łB RO LK, Coloured 
4 * 7 6 ; 
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: Goloithed: or variegated Stars; 
kv powder 8 drams, ary 4 oz. ſulphur vivum 


2 and Og bor 0 94 
Brilliant Stars. l Þf 


3 3 103. ſulphur, Ma, and, meal 1 ponder 2 
el bode wich e af. Wine n IV. „ 3 f 


2 1 


3 Common Stats. 9 4 fig 


| Gita I11b. brimſtone 4. 02. rags and 4+ ings I, 
— Jo qu a. N wine 4. 


2 
$. Þ 


5 | Tailed Stars. e 


Meal powder 3 oz. brimfose 2, aliperre I, aid that- 
coal (coarſely eh {ot 15 ie 6; ES, 


OLE 3:1 1 40 5 40 f E 15 e ee 
Sf * 5 e . 


— 71 1 e 
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CY 


3 D ove Shes. d 
1. le- 751 | 17727 N f 
1 3b + flphur lb. braſs duſt 1 12 02. _ 


al - 2 e Alb. antimony 4 02. and ſulphur! 8. | 
4 as : 0 4 „105 2 is | = : 1 . N 
| pre Poi nted stars. 201 e 


* "pee 54 o fülphur 2, antimony 1025 100 —Y : 
"2 Stars ofa Fine Colour. - | 


92 500 41 4810 Jar 
Els 1 02. meal Powe er T, faliperre. 1, Eimphor 


4 dr. oil of turpentitie 4 W 


. Gold Rain for Sy Rockets. a 


| 8 : Balepeti petie be! meal powder, 4 oz, ſul 
il pe 402. ſu Iphur 45 braſs 
1 oF I, law dult 8; 4, and N | 


glafs duſt 6 dr. 
„ee Bee 12 12 02. 1 N 2, charcoal 4 
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1 vs $5 58 ; 4 8 if, = $49 b& 
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III. Saltpetre 8 Oz. britaſtone 2; glaſs duſt 1, anti- 
muy „ nN duſt” 45 and Taw aul 12 d. e 


Silver Rain. ; A0 en 


I. FTE 4 0z. ſulphur, meal powder, and: anti- 
mon), of each 2 Oz. ſal prunella ; 02. 
11. — Ib. . and charcodl! 4. 


Aſt] 0 0. eee eee 


* * 3 
* * 
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Water 8 ie 


41 


3 Meal powder 61b. ſaltpetre 4. . 3, char 
con 
2111. "Saltpetre-lb? hrimſtone 44 07» charcoal 5. > 
III. Saltpetre 11b. brimſtone 4 0z. charcoal 12 0; 
IV. Saltpetre 9 brimſtone . 8 02. charcoal i b. | 
1 OZ. 
ON v. Brimſtone ab. ſaltpetre 2 and meal powder 4. 
VI: Saltpetre ilb. meal powder 4 02. dee Þ 
| 3 "BY 5 


VII. Meal bonder 1b faltpetre 


2, brinificke: 1. ſea 


| eval 102, charcoal 8 f, ſaw duſt 25 fieel duſt 2, and 


185 coarſe charcoal m/ 
VIII. Meal powder 1 Hb, ade 3. ſolpbur 23. 


gharcoal-12 OZ, ſaw ou 2. 


Sinkt ing "Chan rge. for Water Rockets, 
| Meal 1515 8 o. chatcoal 5 0 


$9413 10410912 


Wheel Oaſes from 2 0 to Alb. 


5 Meal powder lh. ſal tpetre 4 02, iron filings 7 
| Y, 1. Meal powder-glb. pete i 12 0%, ſulphur 47 
ult 3. 


heel 


III. Meal powder Alb. ng] lb. briniftone's 02, 
IV. 


charcoal 41. 


w.* 
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1. Meal powder 8 oz. ſaltpetre 4. faw duft 11, ſea- | 
coul 4 | 
I Meal powder lb, 4 oe brimſtone 4 'OZs 100 dr. | 
{altpetre 8 oz. glaſs duſt 2272. 
VI. Meal powder 12 02. charcoal 1 I, „ faw duſt 3. 
VII. Saltpetre 1Ib. 9 Oz. brimſtone 4002. aa * 5 
VIII. Meal powder alb. ſaltpetre 1, brimſtone 45 and 
ſeacoal 2 02. . 


IX. Saltpetre 2b. brimſtone 3, meal powder 4s, and _ 
| gl duſt 4 02. 


X. Meal prone 11b. ſaltpetre 2 oz. and ſteel auſt * 
XI. Meal powder 2th. and ſteel duſt 2 & 0z. with 
2 1 of the 86s duc of beat 1 iron. 8 


XII. Saltpetre 118 1 13 OZ, binde 8 8 oz, | and char. -_ 
22 6. 


4 


got Fire for Wheels. aq * 


1. Saltpetre 4 0z. brimſtone 2, and meal powder 1 4. 
. Saltpetre 4 02. brimſtone 1, and antimony” 1 02. 
r. 


III. + 4 1 02. brimſtone 1 02. and mued 5 


"Dead Fire "MY Weck, 


| x. Saltpetre 14 OZ. dire keis eaminarts! 45 
| and antimony 2 Wo, | "FS | 


R * * 
f Bo x "Y 1 . 
18 * 42 17 O61 2985 . 


standing or 1 Galen 61 3858 


ge * 


II. "Meal poder alb. ſaltpetre L pF ſteel duſt 8 107. 
III. Meal powder 11b. 4 oz. and charcoal 4 93. 
IV. Meal powder 11b. * ſteel duſt 4 2. 
V. Meal powder 2 Alb. brimſtane E 02, and ſea coal 6, 
VI. * een 13 1b. RM 5 02. and fa 
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1 Veal powder Alb. taltyetre-2 2, brimſtone 405 G ; Nh | 


2 ARTIFICIAL 
IN 3833.4 4b ed 2 DIV 40 


Bo Sun Caſes. C495 6 Foo 
I. Meal powder” $31b. ſaltpetre ilb. 2 02. fleet duſt 
21b. 104 oz. brimſtone 4. : "Joe 
1. Meal e 3th. faltpetre, 6 02. | and ge 
duſt 74. | 12 p 
139. 2 Brilliant Fi ire. 06 5 lian 
be: Meal powder 12lb. ſaltpetre >, brimſione: +02; fee 


110 


dult 1 . * : h * KI. 
5 e 1 wm IX 
| Meal powder 6. and beat iron 2b 7 140 . 
* 84 Os | 214 > 
Chineſe = 2 Ih 


Saltpetre 12/07, mea MES: 21b. ae lb. 2 02. 
and beat 1 iron 12 02. 1 | 


4x 1 47 K F 14 £1 437 Th * Y 45 


SO > Charge for Four-bunde“ Tourbillon, 
Meal powder 21b. 4 O. and charcoal 4582. m } 2 
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. Eight-ounce Tourbillons. 
Meal W alb⸗ and charcoal 4 1 O. 


„„ rge Tourbillons. . 
Meal pouder 1. 2 8 I, brimſtone 8 oz. and 
beat iron 8. A CESS 


N, B. Toubillo ons may be made very large , and : 
of different colour d fires; only you are to obſerve, that 
the larger they are, the weaker muſt be the charge; 
and, on the contrary, dhe en * the "Sager: theix b 
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* er o | 


* 
o& wy a. 


Water Balléens. 2 


1 


* Ape Alb. brimſtone 2, meal Nang 2, anti- 


II. 


mony 4 0. ſay duſt + and glaſs duft I 4. 


FIREWORKS. 1 
II. Saltpetre ꝙ lb. brimſtone 3b. meal powder 61b. 
rofin 12 0z. and antimony 8g 2. 


. Water Squibs. 29 8 "Mis 


I. Meal. over 1 Ib. and charcoal 11h. 
II. Meal — 1 Ib. and charcoal 9 02. 55 


Mine Ports or Serpents. 


1. Meal powder 11b. and charcoal 1 02. 8 
II. Meal powder 9 oz. charcoal 1 02. 5 


# 
— 


. } » 


| Port-fires for firing phate, & Sec. 


J. Saltpetre 12 OZ. brimſtone 4 02. and meal. mover 
2 02; . :. 
II. Saltpetre 8 0 z. brimton 4 or. and meal boder 
2 . 
III. Saltpetre 1 Ib. 2 oz. wa de 1 7% and 
brimſtone 10 02. This compoſition muſt be moiſtened 
with one gill of, linſeed Gi OT e | 
IV. Meal z0wder 605 02. faleperie | lb. 2 0Z. and 
brimſtone rel angie dt N 
V. Saltp#tre 1b. 4 02. meal powder 402. brimſtohe 


11 9 


58 ſaw duſt & . vnn 
VI. Saltpetre 8 0. briingene 20z; _- meal bow 
der 2 o Koca ei did unf mud ef 3 


pt ABreh forliithitiations. a2 nad 


ar? 2 


__ 11b. Wine 8 oz, and meal Powder 60 OZ. 


„Cones or Spir ral Wheels, 


5 7 


1 petre 1 Alb. — meal ponder. 146 62. 
and b 0 2 14 02. 


DYLA. 5 1.14 
ones or Globes. Y . 
N 6 02. brimſtone 2 tb. antimony 4 4 OZ. uind 


, ig 


eamppor 2 OZ, 


» 1 
ws 
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Air Balléen Fuzes. e 


I. Saltpetre 1 lb. 10 02. brimſtone 8 oz. and meal 
powder 1 Ib. 6 02. 


II. Saltpetre 14 Ib. brimſione d 8 OZ, and _ mow. 
der 1 Ib. 8 or. e | 


Serpents for Pots des Brins. 


Meal powder 11b. 9 0 02. 2. flipetre 72 oz. and char. 
coal 2 Oz. 


— Pire Pumps. | 76% 
I. Seb £15. britnfiond'x 1b. meal wier 14 b. 
and pes ; Ib. 8 


115 Saltpetie 5 Ib. 9 02. btitmſtone 2 lb. meal power 
ab. 8 or. and 12 750 duft } Ib. 8 2 #7 es 


Dane „ 85 to 10 14 
. A Slow White Plane“ lig 


I. Saltpetre 2b. fulphur zIb. antimony : 1 NY 


II. Saltpetre 3 f lb. ſulphur 2-31b. meal poyder 18 | 
antimony + Ib, glaſs duſt 4 oz. braſs duſt 1 


N. B. "Theſe compoſitions; , driven 14 oe in a 1 or. 
caſe, will burn 1 minute, which is much longer time 


than an equal quantity | * . ie * 6 
KnOWn, will lal 33 a 


„ Amber Lights. 5 8 
Meal wder 9 9 07, amber g oz” Thi charge may. 
be drove in "fitiall caſes; for — | x SP5q1 


Lights, of, another Kids | we” 


Saltpetre 31b. brimflone. 116. meal ke 1 lb. 


antimony 10 f 64. ann be 1 my the, 5 
dil of ſpike, ps, | 5; 
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A Red Fire. | 
Meal powder 3 Ib. charcoal 12 Oz. and ſaw duſt 
6 Os - e 3 „ 


Sultpetre 31h. charcoal 10 02. and brimſtone 2 2. 
= 9 make an Artificial Earthquake. _ 


” 
"ves noe eee wn 


Mix the following ingredients to a paſte with water, 
and then bury it in the ground, and in a few hours the 
earth will break and open in ſeveral places. The com- 
poſition: Sulphur. 4 1b. and ſteel duff 8 
Having laid down, under the preceding heads, the 
different compoſitions uſed in fireworks by our modern 
artiſts; I ſhall, in the next place, give ſome tables of 
charges that were formerly uſed, . according to the 
ſeveral accounts given by thoſe authors from whom they 
are collected: but if the reader will confider, he will 
find the charges in theſe tables to be very, uncertain, by 
comparing theit method of determining the fize and 
_ weight! of rockets, and the proportions: of ingredients 
thereto, with the method taught in this work, which 
18 fo plain, eaſy, and certain, that I never yet knew it 
fail; and doũbt not, but that it will be ſo allowed by 
all who chufe to make the trial. 
bo The fabſequent table is taken from Siemienowicz, 
wherein are ſpecified the different charges of ſły rockets, 


from 4 0g. to 100 lb.; the charges being calculated in 
proportion to the weight of a leaden* ball of the ſame 
diameter as the hore of ech mould; which bores are 

divided into :nctles and links, & and each line into 12 
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LY A B. II. 
Rodkbt, Kc. Charges. 


From a late French author*, who regulated his 
charges according to the interior diameter of 
the mould, divided into lines, 
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a A B. v. 
"| Chargen * Sky-Rockets, 
From M, oy Saint improved by M. Free. 


— | Compoſition for a Rocket of . 
2 1b. 1 W. I Eb. 4. * * 1402. 


7 
: CORRECTED | 1 
— | | i =—_ | y . 1 1 } 
By M. 1 f "$4 q 
Pas, Ub.” II oz. '7 you: box. — — 
8 2 © li 1 O | | 7 my 4 1 5 | 8 or 9 
Saltp. r 0 1 WTTV 
Charc. 8 1 Z or 1 
Steel-d. n 9 — 3 Þ 8 j 


K 8 | Mould Height, in Inches. 71 
9 f in. 15 8 Kid 7 1 1 8 
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Double Mar- Marquiſe, ! Grofle de- 1383 Fuſie de Caiſſe 
guiſe, | partement | | 
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1 Remarks 
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Remarks on the "foregoing " Tables. | 


$43 43 1 


Ib the firſt, we find chat the. compoſitions for all rock- 


ets under 1 lb. are made chiefly of gunpowder and 
charcoal, which method has been long proved erroneous | 


in many reſpects: firſt, that rockets made with ſuch 
charges will not keep long without ſpoiling ; ſecondly, 
that they ate very uncertain: an performing their proper 
effect; thirdly; they will carry but a ſhort tails; with a 
black and ſmoaky fire; 

We allo: find+thoſe charges for rockets above 1 bb. 
that are compoſed of ſaltpetre, brimſtone, and chareoal, 


to be too ſtrong; by which we ſhould imagine that, at 


the time when they were uſed, the piercers did not bear 
the ſame proportion to the. rockets,” as thoſe uſed by 
our preſent artiſts ;! as it is on the ſize of the cavity in 
the compoſition, that the effect of the rocket and pro- 
portion of the charge depends: A which [ ſhall endeay our 
10 ſhew hereafter... Jes 
Table II. is given, by che author, as an improvement 
on the firſt; wherein he takes notice of the charges 
being too many in number; he has therefore reduced · 
them to 7, which, according to his opinion, are 
ſufficient for rockets of any ſize: he alſo obſer ves, that 
the ingredients are expreſſed in unequal quantities; 
which he has likewiſe laid down in a more regular 
order. By the ſame author's account, rockets were 
made in France, not many years fince, with the com- 


poſitions mentioned in his table. I ſhall not here pre- 


tend; to ſay, that rockets were not made with the charges 
gen in the faid table; yet can affirm, by experience, 


that ſeveral of them All not e with our 1 : 


Aer ons eo t 


As v8 the method preſeribed in tables Ul. and IV. it is 


5 iiffcult to determine whether we ſhall praiſe or condethn 
: them, a as they were wrote when the alt of making fre- 
Works was in its infäncy; as may be ſeen by "their 
4 method of determining the Proportion of 1 ingre- 


21 14 * 7 
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dients, and weight o ri 


| and mercury- ſublimate, 0 mach 4. 02. 
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ets, by the quantit of com- 
poſition contained in each l. Me which mul have 
required a very nice calculation; for at that time they 
had not fixed upon an exact length for rockets, vir 
made them from 6:to.g diameters long: all which dif- 
Fzr ſo much from our modern practice, that I never 
thought it worth che trouble of making a trial; hut am 
of opinion, that very fewiof the charges will. anfiver. 
In the fifth Table, the com poſitions are in proportion 
to the weight of the rocker, with its head and: Nick, all 
complete Which head and ſtick are equal to che Weight 
of the rocket, according to the improvement made 
M. Fes, as in the ſecond column from the top: he has 
alſo added the diameters to the moulds, in proportion 


to their height, allowing each 6 diameters, which ſup- 


poſing to be right, the rockets will be nearly reduced to 
1 their weight given in the - firſt column. On the 


charges in this table I have made noexperimentythere- 


fore cannot recommend them as proof. 
Having given a variety of charges for ſky-rockets, in 


the preceding tables, which are collected from the 


principal authors on this ſubject, together with remarks, 
1 ſhall, in the next place, according to my promiſe of 
not omitting any thing that may be of ſervice to the 
reader, add ſome compoſitions for rocket-ſtars of uns. 
evan genie as inſerted wp former authors. I 


- * 
Ver 


Compoſitions f for Stars of different Oelke: 


448111 


I. Meal powder 4 02. faltperre 2 0 z. brimſſanel a ox. 
8 duſt, 1.4 0z., and camphor, White amber, WW 


4 ff a "I 4 =— 4 % 


II. Rochepetre 1002. brimſtone, charcoal, antimony» 
meal powder, and Famphors/ of each'; 2; 0. moiſtened 


* 


With oil of turpentine. Theſe .compoſitions; are made 
into ſtars, by being worked to a paſte with aqua Vite, 


in which has. been diſſolved ſome gum lag ike z nd 


after you have rolled them in powder, make azbhnle 
through the middle of each, and ſtring them on wick 


match, leaving about 2 inches between each. 


WV 


IR EW OR K S 12 36 
III. Saltpetre 8 0. brimſtonę 2 03; yelloyr amber 1 * 
antimony. 10 f. and powder 3 3. 
IV. Brimſſone 2 + 02. ſaltgetre 6 Os. olhbagum 5 
frankincenſe in drops 4 Oz. ; maſtick, and. męfcry- 
ſublimate, of each 4 oz. meal powder 5 Oz. White 
amber, yellow amber, and. camphor, of each 1 0z. 
animony. and orpiment 3 en 
V. Saltpetre i lb. brimſtone 1 and hel powder 
8 0z. moiſtened with potrolio-oll. - 8 


N [Powder #1b. brimſtone and pee, of each 
0 2. i ge g 


"VIE" Satpere 402. vrimſton 2 02. 0d meal pow. 
cet fen, eſo 1.0 eee t endl ona! 


= 7 


Stars that carry Tails Ob 79 — 


9 Feiftiffee 6 02. autimoby crude 2.0%. benen 
4 02. and roſin 4 2 

II. Saltpętre, roſin, * charcgal; of Sach 2.02. 
bru e 4, 02. and pitch ACS a 

Theſe compoſitions are ſometimes melted in ancarthey 
pan, and mixed with chopped cotton match, before 
they are rolled into ſtars, hut will do as e * Y Ae 
* worked PP" in the uigal JODI. 2410 50 be 

E | 1- 


Stars that yield ſome Sparks,” 515 


; Edilidhar 2 02. falthetre 102 meal owder oz. 
l. Saltperre oz. ditto melted 4 O2. and; ltd 
2 02. When you would make ſtars of either of cheſd 
compoſitions, you muſt wet them with gum water, ot 
ſpirit of wine, in which has been, diffolved ſome gum- 
arabick, or gum-tragacanth, that the whole may have 
the conſiſtence of a pretty thick liquid; having thus 
done, take 1 0z. of lint, and ſtir it about in the com- 
poſition till it becomes ary enough to roll into ſtars. © 


\ 


Stars of: a yel Howiſh Colour. 


WY 4 02. of gum- rag or guai-anabick, 
e ai and fifted through a fine ſie ve, cam — diff ved 
2 in 


34 A RI FIT CI AE: 
in ny” 2 Oz. hag [ Ib. 18 1 Wi, <varſe ow” 


aA. © * 


tate af adther Kind: 


je | Take 1 1b, of camphor, and melt it in a pint of ſpirit 
of wine over a flow fire; then add to it 1 lb. of gum- 
arabick that has been diſſolved; with this liquor mix 1 Ib, 
of ſaltpetre, 6 oz. of ſulphur, and 5 oz. of meal pow- 
der; and after you have ſtirred them well together, roll 
them into ſtars proportionable to the rockets for which 
vou intend them. Ss > 


1840 


Colours produced by” the iffereat Cora- 
poſitions. . oY TEE t : | 
As variety of fires adds greatly to a collection of hits: 


it is neceſſary that every artiſt ſhould know the different 


effect of each ingredient; for which feaſon, I ſhall 
here explain the colours they produce of themfelves; 


and likewife how to make them retain the fame when 
mixed with other bodies**as for example, ſulphur gives 


a blue, camphor a white or pale colour, ſaltpetre a 
clear white, yellow amber à colour inclining its yellow, 
ſal- armoniac a green, antimony a reddiſh, roſin a cop- 
per, colour, and greek- pitch à kind of bronze or be- 
tween red and yellow. All. theſe greens: are web 
as ſhew themſelvy es in 2 Ae 8 


899 


(1. 155 +44 Fi 
ji e . TIS IE e AAFC» £1; 


e ſolpbw, meal — and campbor; ; the 


' 1417 


ſaltpetre mult be the chief * e is 
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Nee F lame. 


Meal powder, faltpetre, and ſulphur 1 vivum; ſulphur 
unt be thy chief: or, m meal ; Powdrr,. ſaltpetre, brim- 
| = flonez 


98 — FP ez — 2 wy. 2 
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ſtone, ſpirit of wine, and oil of 1870 : hut ache the Pow. 
ger be the 719 Res” 8810 


Flame inclining to 5 Red. 1 500 


Saltpetre, fatphus, antimpes and sieh, fate. | 
petre the chief 

By the above mabed may. 5 ods, various eue of; 
fire; as the practitioner pleaſes; for, by making a fer. 
trials, he may cauſe anyljngredient to be nÞf&Gemaioan. 
in chor. 1 err ett 5 34 by 


' 
TREE "I ; $149 © 


: + 
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Ingredients * 5 rs in e when. 
rammed in choaked Caſes. on 


T he ſer colours of fire produced by ſparks are Sided; 
into 4 ſorts, viz. the black, lite, grey, ande red: the 
black charges are compoſed of 2 ingredients, which are 
meal powder and charcbal; the white of , viz. 
ſaltpetre, ſulphur, and charcoal; the grey off a, vi. 
meal powder, ſaltpetre, brimſtane; and charcoal; and 
the red bes 3, viz. m meal Journ coined and faw 
duſt. * Hat 3-091 

There ire: belles Wa nia or 8 5 charges; 
2 others, which are Aiflingviſhed. by the names of com- 
pound and brilliant charges; the compound being made 
of many ingredients, ſuch as meal power, e 
brimſtone, charcoal, ſaw duſt, ſea-coal, antimony, glaſs 
duſt, braſs duſt, ſteel filings, caſt iron, tanner's ! diſt, 
&c. or any thing that will yield ſparks; all which muſt: _ 
be managed with difcretion. The brilliant fires are com- 
poſed of meal powder, ſaltpetre, brimſtone, and fteel 
duſt; or with meal powder and 1 eel filings only. 


4 * 


Cotton Quick- -watch 


bs 3 made of ſuch cotton as is put in can- 
dles, of ſeveral ſizes, from 1 to 6 threads thick, accord- 


"gy to the pipes it is deſigned for, which pipe muſt. 
| D 2 be 


7 


f 
: 
. 
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be large enough for the match, when made, to be 
puſhed in eafily without breaking it. Having doubled 
the cotton into as many threads as you think proper, 


| coil it very lightly into a flar-bottomed copper or earthen 


pan; then put in the' ſaltpetre and the liquor, and 


boil them about 20 minutes; after which coil it again 
into another pan, as in Fig. 4. and pour on it what 


liquor remains; then put in ſome meal powder, and 
preſs it down with your hands, till it is quite wet; 


after wards place the pan before the wooden frame, Fig.5. 
which muſt be ſuſpended by a point in the centre of 
each end; and place.yourſelf before the pan, tying the 

upper end: of the cotton to the end of 1 of the ſides of 


the frame. 

When every ching f is ready, you muſt have one to 
turn the frame round, while you let the cotton paſs 
through your hands, holding it very lightly, and at the 
ſame time keeping your hands full of the wet powder; 
bat if the! powder ſhould be too wet. to ſtick to the 
cotton, put more in the pan, ſo as to keep à continual: 


ſupply till the match is all wound up; vo may wind 
it as cloſe on the frame as you pleaſe, fo that it does 


not ſtick together; when the frame is full, take it off 
the points, and fift dry meal powder on both ſides. the 
match, till it appears quite dry: in winter the, match 


vill be a fortnight before it is fit for uſe; When it is 


thoroughly dry, cut it along the ourfide of one of the 
fides of the frame, and tie it up in ſkams for uſe. 


N. R The march muſt be wound tight on the 


frames. 


"Ingredients for the Match. 


Cotton 1 Ib. 12 oz. ſaltpetre 1 lb. ſpirit of wine 


2 quarts, water 3 quarts, iſinglaſs 3 gills, and meal 


powder 10 lb. To diſſolve 4 OZ. of ilmglals, 8 
3 pints of water. + 


sxcr. III. —Sky-rocket Moulds. 


portioned by the diameter of their orifice, which are 


divided into = parts: as Fi 6. repreſents a mould 


made by its diameter AB, its height from C to D is 


6 diameters and 2 thirds; from D to E is the hei ht of 3 


the foot, which is 1 diameter and 2 thirds; F the 
choak, or cylinder, whoſe height is 1 diameter and 1-gd; 
it muſt be made out of the ſame piece as the foot, and- 
fit tight in the mould; G an iron pin that goes through 


the mould and cylinder, to keep the foct faſt; H the 


nipple, which is Za diameter high, and 2-;ds thick, and of 
the ſame piece of metal as the piercer I, whoſe height 
is 3 J diameters, and at the bottom is 1 3d of the diameter 
thick, and from thence tapering to 1-6th of the diameter: 


the beſt way to fix the piercer in the cylinder, is to make 


that part below the nipple Jong enough to go quite 


through the foot, and rivet it at bottom. Fig. 7. is a 


former or roller for the caſes, whoſe length, from the 
handle, is 7 4 diameters, and its diarneter 2-3ds of the 


bore AB; 8. the end of the former, which is of the _ 


ſame thickneſs, and 1 diameter and 2-3ds long; the fmall 
part, which fits into the hole in the end of the roller 


when the caſe is pinching, is 1 6th and 4 of the mould's 


diameter thick. Fig. 9. the firſt drift, which muſt be 


6 diameters from the bandle, and this as well as all 
_ other. rammers muſt be a little thinner than the former, 


to prevent the ſacking of the paper, when you are 


driving in the charge: in the end of this rammer is a 
hole to fit over the piercer ; the line K marked on this is 
2 diameters and 1-3d from the handle; ſo that, when you 


are filling the rocket, this line appears at top of the 


caſe ; you muſt then take the 2d rammer, 10. which 


from 


_ -FIREWORKER: 


As the performance of rockets depends much on 
* their moulds, it is requiſite to give a definition of 
them and their proportions: They are made and pro- 


| EE AR T 1. FI C IH AL. 


00 the handle is 4 diameters ; and the. hole for the 
piercer is 1 diameter long. Fig 11. is the ſhort and 
ſolid drif which you uſe when you have filled the caſe 
as high as the top of the pierce. \ 

Rammers mult have a collar of braſs at the Potrom, 
to keep the wood from ſpreading or ſplitting; and that 


the ok Proportion be given to all moulds,, from 1/02. 
to 61b, ,. I mentioned nothing concerning the. handles of 


the rammers ; ; however, if their diameter be equal to the 


bore of the mould, and 2 diameters long, it will be a 


very good proportion; but the ſhorter you can uſe them, 
the better; for the longer the drift, the leſs will be the 
preſſure on the e by the blow given with 
the mallet. 151 


Dimenſions for Wd vale ©: in hich 
+". ne Rockets are rammed ſolid. 


Weight 1 Length of the | Interior diameter Height of the 
of rock-. | moulds with- of the moulds nipples. 
ets. out their feet. 5 
| : — 1 — — — — — — — — 
1b. oz. | Inches 2 Inches. Inches 
| 3 — — — — — — 
( | | 
6 O 34 | 3s. RY 
| 4;. 0, 38.6 2,9 1,4 
| =. 1 13.35 2,1 1,0 
| 1 4.12, 25 1,7 0,8 5 
8 1023 15333 &e. 0,0 
0 42 AN 1,125 0, 5 
o 2 . 8, % 0% 745 
0 +7; 49. 1-7. 9535, 
„ 1 
b e 3,5 een ln 
4 drams ]' RS 05,2 


2,2 
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The diameter of the nipple muſt always be equal, to 
that of the former. 

I have omitted the thickneſs of the molds it being 
very immaterial, en they are ſubſtantial and 
Ane 3-401 f 

I would not adviſe thoſe Who make rockets for. pri- 
vate amuſement, to ram them, ſolid, for it requires a 
very ſkillful hand, and an expenſive apparatus for boring 


them, Which will be ſhewu hereafter. Driving of 


rockets ſolid is the moſt expeditious: method, but not ſo 
certain as ramming them over a e Nercer, which! 1 have 
ound by. eee Ot 30501-5494 


* 


Moulds for Wheel Caſes 0 r Serpents. 5 


Fig. g. 12. Te reſents. a mould, in Which the caſes are 
drove: ſolid; |. rhe nipple“, with a pointꝶ at top, which, 
when the caſe is filling, ſerves to ſtop the neck, and pre- 


vent the compotition from falling out, Which” without ' 


this point it would do; and, in conſequence, the air 


would. 125 into the vacancy in the charge, and at the 


time of firing cauſe the caſe to burſt. Theſe fort of 
moulds are made of any length or diameter, according 
as the caſes are required; but the diameter of the rollers 
muſt be 5 to half the bore, and the rammers made 
Ups ſolid. _ | 


> ” 
 # i» * f * . 
"It W 
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1 roll Rocket 125 other, Res - 1 


S caſes fre to- be made 6 J of their exterior 
diameter long, and all other caſes that ate to be. filled 


in moulds muſt be as long as the mouldsz within half 


| its interior diameter. MEL 1 
Rocket caſts, from the fmalleſt to 4 or 6 pouhd7 are 
generally made of the  Rrankgelt' 5 fort of earrridge paper, 


or une 570 9103 


The. nipple: * nee to 55 the fone proportion as thoſe ; 


for rockets. 


+ Around bir. of bees, equal i in length to the nick of the cafe, 


C2. - 


and flat at the top. „%%% SOOT > oe GO LAIT ES ROTTY 
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and rolfec dry; but the large fort are made of paſted 
paſte board. As it is very difficult to roll the ends of 
the eaſes quite even, che beſt way will be to keep a pat- 
tern of the paper for the different ſorts of caſes, which 


your caſe, and let one end of the board lie on the table; 
then preſs hard on, it, and puſh it forwards, which will 
roll the paper very tight; do this 3 or 4 times before 
ou roll on any more paper: this muſt be repeated every 
bother ſheet of paper, till the caſe is thick enough; but 

if the rolling board be drawn-baekwards, it will looſen- 
the paper: you are to obſerve, when you roll on the laſt 
thery, that, the point of the ſlope be placed atthe ſmall end 
of the roller. Having rolled your caſe Bay the mould, 
Puſh in the fmall end of the former Fo about 1 diameter 
from the end of the.caſe, and put in the end piece within 
a little diſtance of the former; then give the pinching 
cord one turn round the Caſe, between the former and 
the end piece; at firſt pull eafy; and keep moving the 
caſe, Which will make the neck ſmooth, and without 
large wrinkles; when the cafes are hard to choak, let 
og ſheet of paper (except the firſt and laſt, in that 
| „ part 
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where the neck is formed) be a little moiſtened 
with water: immediately after you have ſtruck the 
concave ſtroke, bind the neck of the eaſe round with 
ſmalliwine, which muſt not be ried 3 in a knot, Bui faſtened 
with 2 or 3 hitches. 

Having thus pinched Wy) tied the caſe ſo as not tO give 
way, pur it into the mould without its foot, and with a 
maller drive the former hard on the end piece, which 
will force the neck dhoſe arid ſmooth ; this tone, cut 
the caſe to its proper length, allowing from the fleck 
. tothe edge of the mouth half a diameter, which is = to 

the height of the nipple; then take out the former, and 

drive the cafe over the piereer with the long rammer, 
and the vent will be of a proper fize. Wheel caſes 
nuſt be drove on a nipple with a point, to cloſe the neck, 
and make the vent of the ſiae required; which, in moſt 
caſes, is generally 3 of their interior diameter: 4s it is 
very oft difficult, when the caſes are rolled, to dra the 
roller out, yu may make a hole through the handle, 
and put in ita ſmall iron pin, by which you may eaſily 
turn the former round, and pull it out. Fig. 1 3 
the method of pinching cafes; a treddle; wick when 
preſſed hard with the foot, will draw the cord tight, 
and force the neck as cloſe as you pleaſe ; ; Q a ſmall 


wheel. or pully, with a groove 1 round at for ithe cord to 
run in. 


Cafes are commonly rolled wet, for wheets and Bed 
Nieces; and when they are required ai colifain a * 
ſength of charge, the method of making thoſe 
| ns” {Your 15 muft be cut as ul, only the laſt 
meet muſt not be cut with a ſlope ; having your papet 
ready, paſte each ſhe: t on oe dg men fold Seen 190 
firſt 1 7 as before directed, but be 7 5 chat the paſte ; 
does not touch the upper part of the fold, for if the 
roller be wetted, it will tear the paper in drawing it 
out: in palting the jaſt ſheet,” obſerve not to Wet: he 
aft turn or 2 In that part where it is to be pinched; for | 
that part be damp, the r cord will tick to it, 
And t. te 1 the Fäper; therefore, When you choak thoſe 
e 1 


ſſmmal! 
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caſes, kelfa bit of dry paper once round the caſe, before 
an put on the pinching cord; but this bit of paper 

uſt de taken off after the caſe is choaked, + The rolling 

dard, and all other methods, according to the former 
directions for the rolling and pinching of caſes, muſt 3 
uſed to theſe” as well as aff other eaſes. 


D 4 G/L . i 


To make Tourbillon Caſes,” 


Thoſe fort of caſes are generally made about 8 dia- 
meters long. but if very large, J will be ſufficient : tour- 
billons will anſwer very well from 40 z. to 2 lb. but 
- when larger there is no certainty. The caſes are beſt 
rolled | wet with paſte, and the laſt ſheet muſt - have a 
ſtrait edge, ſo that the caſe may be all of a thickneſs: 

when you have rolled your caſes, after the manner of 
wheel caſes, pinch them at one end quite cloſe; then, 
with the rammer, drive the ends down flat, and after- 
wards ram in about 1-3d of a diameter of dried clay, 
The diameter of the former for theſe caſes muſt be the 
fame as for ſæy rockets. 

N. B. Tourdillons are to be e in a 


wee or in a are without 1 1ts foot. I "i 


Ball6Gn Cuſes, or Paper Shells. 


Firſt you muſt have an oyal former turned of ſmooth 
5 then paſte a quantity of brown or cartridge paper, 
and let it lie till the paſte has quite ſoaked through; 
this done, rub the former with ſoap or greaſe, to prevent 
the paper, from ſticking to it; then lay the paper on in 

a till you have; made it 1-3d of the thicknels ; 
of the ſhell intended; having thus, done. ſet it to dry, 
and when dry, cut it round the middle, and the 2 halves 
will eaſily come off: but obſerve, when you cut, to leave 
about 1 inch not cut, which will make the halves Join 
much better than it quite ſeparated; when vo have 
ſome 5 to join, place the halves even together, and 
Na a flip of Paper Found. the opening to bold them 

BY together, 
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together, and Jet that dry; then lay on paper all over 
as before, every Where equal, excepting that end 


which goes downwards in the mortar, . which may be 


alittle thicker than the reſt; for that part which re- 
ceives the blow from the powder in the chamber of the 
mortar conſequently requires the greateſt ſtrength: when 
the ſhell is thoroughly dry, burn a round vent at top, 
with ſquare iron, large enough for the fuze: this method 
will d> for ballo6ns from 4 inches 2- -5ths, to 8 inches 
e but if they are larger, or required to be thrown 


reat height, let the firſt ſhell be tu: ned of elm, cn 


1 being made of paper. 

For a ball56n of 4 inches 2-5ths, leccke former he 

1 inches 1-8th diameter, and 5 1 inches long. For a 
ball san of 5 & inches the diameter of the former muſt 
be 4 inches, and 8 inches long. For a ballon, of 8 inches, 
let the diameter of the former be 5 inches and 1 5-16ths, 

and 11 inches 7-Sths long. For a 10-inch ball5on, 


let the former be 7 inches 3-16ths diameter, and 14 & 
inches long. The thickneſs of a ſhell for a ball66n of 
4 inches .2-;ths, muſt be 4 inch. For a balloon of 


52 inches let the thickneſs of the paper be ;-2ths of an 
inch. For an'$-inch balloon, 7-8ths of an inch. And 
for a 10 inch ballöôn, let the ſhell be 1 inch 1-8th 
thick. 1 ; 

Shells that are deſigned Ge ſtars only, may be made 
quite round, and the thinner they are at the opening, the 
better; for if they are too ſtrong, the ſtars are apt to 
break at the burſting of the ſhell: when you are making 


the ſhell, make uſe of a pair of calibres, or a round 


gauge, ſo that you may not lay the paper thicker in one 
place than another ; and alſo to know when the ſhell 


is of a proper thickneſs. Balloons muſt alw 75 s be made f 


to go en inn the mortars, 9! 


| Mixing Compoſitions. 


The Aae of the principal part of f fireworks 
depends much on the compoſitions being well mixed; 


therefore 


Read of them a number of red andid 


| * 
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therefore great care muſt be taken in this part of the 
work, particularly for the compoſitions for ſky rockets, 
When you have 4 or 5 pounds of ingredients to mix, 
which is a ſuficient quantity at a time (for a larger pro- 
portion will not do ſo well) firſt put the Here in- 
gfredients together; then work them about with your 


hands, tiff you think they are pretty well incorporated : 


after which put them into a lawn ſieve with a receiver 
and top to it; and if, after it is ſifted, any remains that 
will not paſs through the fieve, grind | it again till fine 
enough; and if it be twice ſifted, it will not be amiſs: 
but the compoſitions for wheels and common works are 
not ſo materiel, nor need not be fo fine. But in all 
fixed works, from which the fire is to play regular, the 
mgredients muſt be very fine, and great care taken in 
mixing them well together; and obſerve that, in all 


compoſitions wherein are ſteel or iron fflings, the hands 


muſt not touch; nor will any works, which have iron 
or Reel in their charge, keep long in damp weather, 


without being properly Were according to the fol- 
* diretions. 5 


To preſerve Steel i or Iron F 7 


It ſometimes may happen, that fireworks may be re- 


quired to be kept a long time, or ſent abroad; neither 
of which could b be done with brilliant fires, if made with 


filings unprepared; for this: reaſon, that the ſaltpetre 
being of a d 


amp nature, it cauſes the iron to ruſt, the 
nence of which is, that when the works are fired, 
there will appear but very few brilliant 'ſparks; but in- 


voffy ſparks ; and 


beſides, the charge wil be ſo much weakened, that if 


this was to happen to wheels, the fire will hardly be 
ſtrong enough to force them round: but to prevent ſuch 


accidents, prepare your fihings thus. Melt in a glazed 


earthen pan ſome brimſtone over a ſlow fire, and when 
melted throw in ſome filings ; which keep ſtirring about 


till they are covered with brimiftone; this you muſt do 
while 
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While it is on the fire; then take it off, and ſtit it very 


quick till cold, when you muſt roll it on a board with a 
wooden deer, till you have broke it as fine as corn pow - 


der; after which ſift from it as much of the brimſtone 


as you can. There is another method of preparing filings, 
ſo as to keep 2 or 3 months in winter; this may be done 
by rubbing them between the ſtrongeſt ſort of brown pa- 
| ef. which before has been — "s with linſeed oil. 

N. B. I the brimſtone ſhould: take fire, you may put 
it out, by covering the pan doſe at top: it is not of 


much fignification what quantity of brimſtoge you uſe, 


ſo that there is enough to give each grain of iron a coat; 
but as much as will/cover the bottom of a pan of. about 
1 foot diameter, will do for 5 or 6 7 of W 
caſt i iron * gerbes. 


To drive or ram 800 Rockets, 650. 


Rockets drove over a piercer mult not have ſo much 
compoſition. put in them at a time, as when drove ſolid, 
for the piercer. taking up great part of the bore of the 


_ caſe, would cauſe the rammer to riſe too high ; ſo that 


the preſſure of it would not be ſo great on the compoſi- 


tion, nor would it be droye every where equal ; to pre- 


vent which, obſerve the following rule; that for ofe 


rockets, that are rammed oyer a piercer, let the ladle⸗ 


hold as much compoſition as, when drove, will raiſe the 


drift 4 the interior diameter of the caſe, and for thoſe 


drove ſolid to contain as muchas will raiſe it che exterior 
diameter of the caſe: ladles are generally made to go 
eaſy in the caſe, and the length of the ſcoop abqut 15 
'of 1 its own diameter, 
The charge of rockets muſt always be drove 1 diame- 


ter above the piercer, and on it muſt be rammed 1-3d of 
a diameter of clay, through the middle of which bore 2 


ſmall hole to the compoſition, that, when the charge is 
buryt to the top, it may communicate its fire,, through 


I 


| «A copper ſcoop with a woogen handle. 


the 
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the hole, to the ſtars in the head: great care muſt be 


taken to ſtrike with the mallet, and with an equal force, 


the lame numbe of ſtrokes to each ladle- full of charge; 


' otherwiſe the rockets will not riſe with an uniform mo- 


tion, nor will the com poſition burn equal and regular; 


for which reaſon they cannot carry a proper tail. for'i it 
will break before the rocket has got half way up; in- 

ſtead of reaching from the ground to the top, herr 
the rocket breaks and diſperſes the ſtars, rains, ot what- 
ever is contained in the head. When you are ramming, 
keep the drift conſtantly turning or moving; and when 
you uſe the hollow rammers, knock out of them the 
compoſition now and then, or the piercer will ſplit 
them: to a rocket of 4 02. give to each ladle- full of 


charge 16 ſtrokes: to a rocket of 1 lb. 8: to a 


2-pounder, 36: to a 4-pounder, 42: and to a 6-pound- 
er, 56: but rockets of a larger ſort cannot 'be;drove well 
by ws. but muſt be rammed with a machine made in 
the ſame manner as thoſe for driving P les, which are ſo 
very common to be ſeen, that I ſhall omit a deſcrip- 
A 

The method of ramming. of wheel caſes, or any other 
ſort, in Which the charge is drove ſolid, is much the 
fame as ſky rockets ; for the ſame proportion r\1y be 
obſerved in 8 ladle, and the ſame number of ſtrokes 
given, according to their diameters, all cafes being di- 
ſtinguiſhed by their diameters: in this. manner, a caſe 
whoſe bore is equal to a rocket of 4 07. is called a 4-02. 


cafe, and that which is equal to an 8-02. rocket an 8-02. 


caſe, and ſo on, according to the different rockets. 
' Having taught the method of ramming caſes 1 in moulds; 
we ſhall here lay ſomething concerning thoſe filled with- 


out moulds; which method, for ſtrong paſted caſes, will 


do extremely well, and aye the expence of making fo 
many: moulds. The reader muſt here obſerve, when he 
fills any fort of caſes, to place the mould on à perpe 
dicular block of wood, and not on any place a5 
hollow ; for we have found by experience, that when 
caſes were rammed on driving benches, which were 
formerly 
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formerly uſed; the works. frequently miſcarried, on ac- 


count of the hollow reſiſtance of the benches, which oft 
jarred and looſened. the charge in the caſes; but this 
accident has never bappened ſince the driving blocks 
have been uſed. e 004. bam £8109 

When caſes are to be filled without. moulds, proceed 
thus ; ; have ſome nipples made of bras or iron, of ſe- 


| 1. forts and fizes, in proportion to the. caſes; antl to 


crew, or fix in the top of the driving block; when you 
have fixed in a nipple, make, at about 1 J inch from 
it, a ſquare hole, in the block, - 6-inches deep and 1 inch 
diameter, then have a piece of wood; 6 inches: longer 
than the caſe intended to be filled, and 2 inches ſquate 
on 1 fide of it cut a groove almoſt the length of the caſe; 

whoſe breadth and depth muſt be ſufficient to cover near 
I the Cale ; 5 en cut the other: e to fir t the hole | in vthe 


be wars orfilline. - = 2 


„e 


The Simndtfions of the hate deſcribed bait” pay SY 


are proportionable for cafes of 8+ ounces ; but notice 
muſt be taken, that they. differ in fize in proportion to 


the caſes, © 


Note, the clay, mentioned in this e muſt 1 
prepared after this manner; get ſome clay, in which 
there is no ſtones nor ſand, and bake it in an oven till quite 


dry; then take it out and beat it ta a powder, and after - 


wards ſift it through a common hair ſieve, and it will be 
fit r for; uſe. dai 


' #845 4 ih 44 
1 + 


i oy piece & bard wood j in o cle "TE of an anvil block. 
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„ — — - 
5 1 » 
- # * : 4 ov 


— —— * * — - — — 
- - 
— — ßU et at o — — — — — 


48 AF ECIAIL _ 
Proportion of Mallets. 


The beſt wood for mallets is dry beeeh. 1 would 2 


hw every practitioner know, that if he vſes a mallet 


of a moderate fize, in proportion to the rocket, according 


to his judgement, and if that rocker ſucceeds, he may 
depend on the reſt, by uſing the ſame mallet; yet it 
will be neceſfary that caſes of different forts be 
with mallets of different ſizes. by 

The following proportion of the Saller for rockets 
of any fize, from £02: to lb. may be obſerved ; but 
as rockets are ſeldom made lefs than 1 0. or lar er than 


Gib. I (hall leave the management of them to the curi- 


ous; but all eafes under i OE. may be rammed with 
an o. rocket mallet. Your” mallets will ſtrike more 
 folid, by having their handles turned out of the ſame 
ce-as the — and made in a cylindrical form: 05 


rockets: for example; let the thickneſs of the head be 

diameters, and its length 4, 4, and the length of the 
228 5 n hole "REIN muſt be in Froper 
tion to r hand. 


Proportion py 5 r 400 Manner 


un"; =o ihe heading them. 


i 13. a rocket compleat without its fick, . 
length from the neck is 5 diameters 1-6th ; the: caſes 
ſhould always be cut to this length after they are filled; 
M the the head, which is 2 diameters high, and 1 dia- 
meter 1. 6th; in breadth; N the cone or cap, whoſe 


perperdieular height muſt be r diameter 1, 3-d. Fig. 14. 


the collar to which the head is fixed; this is turned out 


of deal or any light Wood, and its exterior diameter muſt 


be equal to the interior diameter af the 7 I-6th 
will be ſufficient for its thickneſs; and round the outſide 


_ edge muſt be a groove; the interior diameter of the col- 
lar muſt not be quite ſo wide as the exterior diameter 


Irove 


eir dimenſions be worked by the diameters of the 


FIREWORKS.. 1 
of the rocket; when this is to be glued on the rocket, you 


muſt cut 2 or 3 rounds of paper off the caſe, which will 
make a ſhoulder for it to reſt upon. Fig. 1 5, a former 


for the head: 2 or 3 rounds of paper well paſted will be. 


enough for the head, which, when rolled, put the collar 


on that part of the former marked O, which muſt fit 
the inſide of it; then, with the pinching cord pinch the- 
| bottom of the head into the groove, and tie it oak ſmall 
twine. Fig. 16, a former for the cone. To make the 
caps, cut your paper in round pieces, equal in diameter 

to twice the length of the cone you intend to maxe; 
Vhich pieces being cut 1 into halves, will make 2 caps each, 
without waſting any paper; having formed the caps, 
paſte over each of them a thin wh te paper, which muſt 


be a little longer than the cone, fo as to project about 


4 an inch below the bottom: this projection of paper, | 


being notched. and pang, ſerves to faſten the cap to the 


head. 


When you load the ads of your rockets with ſtars, 
rains, ſerpents, crackers, ſcrolls, or any thing elſe, accord- 


ing to your fancy; remember always to put i ladle-full of 


meal powder into each head, which will be enough to 
burſt the head, and diſperſe the ſtars, or whatever it con- 


. tains : when the ww ag are loaded with any ſort of caſes, 


let their mouths. be, placed downwards; and after the 
heads are filled, paſte on the {op of them a piece of paper, 


before you put on the caps. As the ſize of ſtars oft differ, 

it would be needleſs to give an exact number for each 

rocket, but this rule may be obſerved, that the heads 
may. be nearly filled with whatever they are loaded. 


- 


- Decorations ſor Sky Weeds 


Sky rockets bearing: the/pre-eminence of all fireworks, 
it will not be improper to treat of their various kinds of 
decorations, which are dire ted according to fancy; ſome 
are headed with ſtars of different ſorts, ſuch as tailed, 
brilliant, white, blue and yellow ftars, &c. ſome with 
go and filver rainy others with ſerpents, crackers, fire- 

| > e lerolls, 


* 
* 


30 ARTIFICIAL 
Galle marions; and ſome with. ſmall. rockets, and 
"_ other Es, as the maker pleaſes. * At 
"Dimenſiors and Poiſe of Rocker Sticks; 
Weight * Lied th of | Thicknefs [Breadth | * af Poiſe frem 
of the . the e at top. | at top. bottom. the point of 
ocker. 2 9 1 98 15 n ede. 
« | Xx — — = Ai c———— Ci 8 pas cs | _ — . —— 
Ib. oz. Ter” — Inches. Inches Inches ft. in. 

6 5 14 1 585% | 4 1,5 
4 » 12 10, 1355 . n, 
1 þ:. 8 2 04725 | 0,80 0, 7 2 1 

8]: 07 o eee, 10,5 
3 | 943759 035510933 | 1. SZ 
2 4 1 , O,J Kg 0,45 O,15 1 bo 3. 
1 3 6 |0,25*|0,35|0,10 [41+ 0, 
2 4 , 125 , 200, 16 8 o, 
F en 1.02." ene 1.5. Os 


"The laſt column'on the tight, 1 in the above table, ex- 
3 the diſtance from the top of the cone, where the 
flick, when tied on, ſhould balance the rocket, ſo as to 
[Rand in an equilibrium on one's finger, or the edge of 
a knife. The beſt wood. for. the klicks 1s. ry deal, 
according to the dimenfions given in the table, cut on 
13 of the flat ſides at top. a groove the length of the 
rocket, and as broad as the tick will allew; then on 
. the oppoſite flat fide, . cut 2 notches for the cord, which 
ties on the rocket, to lay in; 1 of theſe notches muſt be 
near the top of the ſtick, and the other facing the neck 
of the rockets; the diſtance between theſe notches may 
eaſily be known, for the top of the ſtick ſhould always 
touch the head of the rocket. When your rockets and 
mickes are ready, lay the rockets in the grooves in the 5 
an 


* 
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and tie them on, Thoſe who, merely. for curioſity, may 
chuſe to make rockets of different ſizes, to what I have ex- 
preſſed i in the. table of dimenſions, may find the length of 
Their ſticks, by making them for rockets, from T0Z.to 11b.” 
60 diameters, of the rocket long; and for ,rockets above 
31b. 50 or 52 diameters will be a good length; their thick- 
neſsat top may be about 3 a diaet, and their breadth 
a very little more; their ſquare at bottom is generall y equal 
to the thickneſs at top. But, although the dimenſions 
of the ſticks be very nicely obſeryed, you muſt depend 


only on their, balance : for, v ithout a proper counter- 


poiſe, your. rockets, inſtead of mounting perpendicularly, 


will take an oblique direction, and fall to the e 
before 5 are burnt out. 


Boring Rockets which have been drove 
"Toe 1 ſolid. - | 


Plate 2, Ya 18, repreſents the plan of an apparatus, 
or lathe, far boring of rockets A the large wheel which 


3 the ſmall one B, that works the reammer C: theſe 


reammers are of different ſizes according to the rockets; 


they muſt be of the ſame diameter as the top of the bore in- 
ended, and continue that thickneſs a little longer than the 


depth of the bore required, and their points mult belike that 
pf an auger; the thick end of each reammer muſt be made 
ſquare, and all of the ſame hze, ſo as to fir into one locket. 
herein they are faſtened by a ſcrew D: E the guide 
for the reammer, which is made to move backw ards and 
forwards; ſo that, after you have marked the reammer 

I diameters of the rocket from the point, ſer the guide, 


Allowing, for the thickneſs of the fronts of the rocket 
boxes, and the neck and mouth of the rocket, ſo that 


when the front of the! arge box is cloſe to the guide, the 


teammer may not go too far up the charge. * boxes 
for holding the rockets, which are made ſo as to fit, one 
in another; their ſides muſt be equal in thickneſs to the 
difference of the diameters of the rockets, and their in- 
dterior diameters equal to the exterior diameters of the 


-Fackets, To prevent the rockers turning "round while 
E-2 boring 


; 
3 


55 = 1 ARTIFICIAL) 
boring, a piece of wood muſt be placed againſt the end 


of the box in the inſide, and preſſed againſt” the tail of 
the rocket ; this will alſo hinder the reammer from forcing 
the rocket, backwards. G, a rocket in the box. H, a 
box that. flides under the rocket boxes to receive the 
borings from the rockets, which fall through holes made 


on purpoſe in the boxes; thefe holes muſt be juſt under 
the mouth of the rocket, one in each box, and all to 
correſpond with each other. | 


Fig. 19, is a front view of the large rocket box. I. 
an iron plate, in which are holes of different ſizes, 
through which the reammer paſſes; this plate is faſtened 
with a ſcrew in the centre, ſo that when you change the 
reammer, you turn the plate round, but always let the 
hole you are going to uſe be at the botom: the fronts 
of the other boxes muſt have holes in them to correſpond 


with them in the plate. K, the lower part of the large 
box, which 1s made to fit the inſide of the be, that all 


the boxes may move quite ſteady. _ 

Fig. 20, is a perſpective view of the lathe.” L, the 
guide for the reammer, which 1 is {et by the ſerew at bot- 
tom. 

Fig. 21, a view of the front of the ihe Kg the 
reammer. M, an iron plate, of the ſame dimenſions as 
that on the front of the box, and placed in the ſame di. 


rection, and alſo to turn on a ſcrew in the centre. N, 


the rocket box, which ſlides backwards and forwards : 
when you have fixed a rocket in the box, puth it for- 
wards againft the reammer ; and when you think the 
ſcoop of the reammer is full, draw the box back, and 


knock out the compoſition; this you muſt do till the 
rocket is bored, or it will be in danger of taking fire; 
and if you bore in a hurry, wet the end of the reammer 


now and then with oil to keep it cool. 
Having bored a number of rockets, you muſt have 
taps of different ſorts according to the rockets. Theſe 


taps are A little longer, than the bore, but when you uſe 


them, mark them 34 I diameters from the point, allowing 
for the thickneſs of the rocket's neck ; then, Rape + 
the 


„ TRY „ * "T4 a— 1 3 
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the rocket in one hand, you tap it with the TG To ex- 
plain theſe taps, I have repreſented 1 by Fi . 22. They 
* 


are made in the ſa:ne proportion as the 
and are hollowed their whole length. | 


Hand Merkine uſed for boring of Rocket 
.. Inſtead of a Lathe. 


Thiele ſort of machines anſwer very welt; but not ſo 


expeditious as the lathe, nor are they ſo expenſive to 


make; they may be worked by 1 man; but the lathe will 
require 3. Fig. 23, repreſents the machine. O, the 


rocket, boxes, 4 are to be fixed, and not to ſlide as 


thoſe in the lathe, P Q. are- guides for the reammers, 


that are made to ſlide together; as the reammer moves 


forward: the reammers for theſe ſort of machines muſt 
be made of a proper length, allowing for the thickneſs 
of the f ek the boxes, ard” the length of the mouth 
and + of the caſe: on the ſquare end of theſe ream- 
mers, muſt be à round ſhoulder of iron, to turn againſt 
the outſide gf the guide Q by which means the guides 
are forced forwards. R, the ſtock which turns the ream- 


mer, and while turning muſt be preſſed towards the 


the rocket, by the body of the man who works it; all 
the reammers are to be made to fit 1 ſtock. This ma- 


chine AS? well a as the lache is made by the Lale! in the 


A 
44 


To 1 large Gerbes, 


Fig. 34 re reſents a 49888 former 24, a" gerbe 
complete, with its foot or ſtand.” The caſes for gerbes 


are made very ſtrong, on account of the ſtrength of the 


compoſition ; which, when fired, comes out with great 


velocity ; therefore, to prevent their burſting, the paper 
mould be paſted, and the caſes made as thick at the top 


as at the bottom; they ſhould alſo have very long necks, 
tor this reaſon ; firſt, that the particles of iron will have 
more time to be heated, by meeting with greater reſiſt- 


3 ance 


ed piercets, 
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in getting out, than with a ſhort neck, which would be 
burnt too wide before the charge be confumed, and ſpoil 
_ the effect: Secondly, that with long necks the ftars will 
be thrown to a great height, and will not fall before they 
are ſpent, or ſpread. too much ; but, when made to per- 
fection wil rife and ſpreads in ſuch a manner as to form 
exactly a wheat- neff. 

In the ramming of gerbes, there will be no need of 
a mould, the caſes being ſufficiently ſtrong to ſu port 
themſelves; ; bur you are to be careful, before you begin 
to ram; to have a piece of wood made to fit in the neck; 
for if this be not ſone, t the compoſition will fall i into the 
neck, and leave a vacancy in the caſe, which, as I ſaid 
before, will cauſe the caſe to burlt ſo ſoon as the fire 
arrives at the vacancy: you muſt likewiſe” obſeryi e, 
that the firſt ladle of charge, or 2, if you think proper, 
be of ſ:;me weak compoſition... When the caſe is filled, 
take out the piece of wood, and fill the neck with ſome 
ſiow charge. Gerbes are generally made about fix dia- 
meters long, from the bottom to the top of the neck; 
their bore muſt be 1· th narrower at top than at botrom, 
The neck 8 is 1- th diameter and 3 long. T, a wood 
foot or ſtand, on which the erde is fixed. This 1 
be made with a choak or cylinder, 4 or 5 inches long, 
to fit the inſide of the caſe, or with a hole in it to put in 
the gerbe; both theſe methods will anſwer the ſame. 
Gabon produce a moſt brilliant fire, and are very, beauti- 
ful when a number of them are fixed in the front of a 
building, or a collection of fireworks. | 

N. B. Gerbes are made by their diameters, and their 
caſes at hottom 4 thick. The, method of finding the 
interior diameter of a gerbe. is thus: Suppoſing you 
would have the-extecior diameter of the caſe, when made, 
to be b inches, then, by taking 2-4ths for the ſides of 
the caſe, there will remain 2 4 inches for the bore, which 
will be a very; good, fize, . Te fort US rte; ſhould 
"1 ren wy Me | 
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Small Gerbes, or White Fountains, | 


May be made of 4, 8 02. or 1 lb. caſes, paſted and 
4 ver 5. ſtrong, of What, length you ri; but, be- 
fore you fill them, drive in dry clay 1 diameter of het 
8 high; and, when you have filled a caſe; bore a 
vent through the centre of the clay to the compoſition; 
the common proportion will do for the vent, which muſt 
be primed with a flow charge. _ Theſe _ fort of caſes, 
without. che ela, WAR be fled with Chineſe fire. 


my ''T i ' „ * 


To, make Paſte board and Paper Mortars. 


Fig. 26, a former, and 27, an elm foot for the mortar ; 
28, a mortar complete; theſe mortars are beſt when 
made with paſte board, well paſted before you begin; 
or, inſtead of paſte, ) ou may ule glue. For a coechorn 
mortar, which is 4 keen z-oths diameter, roll the — 5 
board on the former 1-6th * its diameter thick; and, 
when. dry, cut one end ſmoath and even; then nail and 
glue it on the upper part of the foot; "when done, cut off 
the alle r at top, allowing for the length of the 
mortar 24 diameters from the mouth of the powder 
chamber; then bind the, mortar - round with à ſtron; 


cord wetted with glue. U, the bottom part of the foot, 
a is diameter ars broad, and i diameter high; and that 
- part which goes into the. mortar is 2-3ds of its diameter 
high. W, is a copper chamber for powder, made in a, 
a conical form, and is 1-34 of the diameter wide, 1 4 or its 
r own diameter long; in the centre of the bottom. of this 
C chamber, make a ſmall hole a little way down the foot; 


this hole muſt be met by another of the ſame fize, made 
„ in the ſide of the foot, as is ſhewn in Fig. 28. If theſe 


f holes are made true, and a copper pipe fitted into Band, 

h the mortar when loaded will prime itſelf, for the 

d der will naturally fall to the bottom of the firſt E. 4 
then by putting a bit of quick-match in the bole! hole, 

, FORM mortar Wl be ready to be fired. 

1 


fre. ai. 2) Mortars 
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Mortars c of 53 8, and 10 inches diameter, may bes made 
of paper, or paf el board, by the above method, and in 
the ſame. proportion; but 5. Th it will be beſt to 
have them made of braſs. k "The c per chamber 
muſt have a ſmall rim Na i its * a "99 in, it, 
for ſetfues to band faſt in the be, SS 
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EY W._ To Bad Air Bald, with 
the N umber of Stars, Serpents, Snakes, 


"Rain "ws xe. in Shells of cath Na- 
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5 ALLOONS being ir in great | ett; wy pee of | 
12 fire! works, 1 ſhall give a full N of 
Mais you fn your ſhells, you mot firſt put in the 
pin rains, ſtars, &c. or whatever — — com 2 
of; then the blowing powder; but the ſhells mu 
be quite filled; all thoſe things muſt be put in at the 
fuze hole; but marrons, being too large to go in at the 
fuze hole, muſt be put in before the infide ſhell be joined. 
When the ſhells are loaded, glue and drive in the fuzes 
very tight. Of theſe fuzes e ſhall ſay more hereafter ; 
but ſhall here give the diameter of the fuze hole in bal- 
450ns of each nature, which are. For a coehorn ballson, 
let the diameter of the fuze hole be 7-8ths of an inch. 
For a royal ballöôn, which is near 3 inches diameter, 
make the fuze hole 1 inch + leer For an 8-inch 
_—— I inch 3-8 ths: and ler a 16-Hely mart 1 meh 
— 2 proceeded. this fr with the direetions of 58. | 
ing ball6ons, I ſhall in the ſecond place give an account 
of the quantities and number of each article proper for 
_ ſhells of each nature; but it is to be obſerved, that air- 
| balloons are divided into 4 forts, viz. firſt, illuminated 
| balloons ; ſecond, ball66ns of ſerpents; third, 3 
| 0 
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of a pM marrons, and crackers ; and fourth, com- 


8 Ball6Gn illuminated. 


2. 1 1 — a wr wo 4 5 5 


"Y ah - VV 
het - FF 8 
Power for the mortar = —— — ws 


Length of the be cbm ph f 2 aſh an weh; v Toz. 


drove or rolled ſtars, as _ as will near] y fill the 
mel. | 


Coehorn Balls6n OY" 


3 5 5 hs - 
Mea !! aprons 
e re eee DM 
Poder for the mortar — ᷣͤ 


Length of the fuze compoſition - 13 I6ths of an inch. 
4 oz. cafes drove 3 diameters and bounced 3 diametets ; 
and oz. caſes drove 2 diameters and bounced 4; of each 


an equal quantity, and as ef of them a 28 sil fit in 
eaſily, placed head to tail. | 


Cochorn Balléen of Crackers and Ke. 


Ports. 


3 3 N 13 ö 
Mellor ammo Ta 5; 1 
Corn r- — Oz 
powder for the mortar 1 


Length of the fuze compoſition 3 of an "XY Reports 
.4, and crackers of 6 bounces, as many as will fill the 


— 


Compound 


\ 
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* * 
a | . y n oe 9 1. 1 \ 8 ? * 7 v 14 . 
* .in e . : a AE A\SE3mwd df fd 
| —ů—— — — 
C powder 7% 
Orn — — 


— o 12 
Powder for the mortar _ 1 Oe” © 
| 1 \ M ; f g e 


' Length of of the | fure compoſition 13.1 Dy ** > 
X 0z. caſes drove 3 diameters and bounced 2, fixteen; 
F oz. caſes drove 4 diameters and not bounced, 10, Blue 


ſtrung ſtars, 10. e ſtars as many; 5 will une 
the ballöcn. 


„Hatt 

Royal Ball6ns. illuminate, 
| oz. dr. 
Kea md — — 3 N 8 
Corn FP? — 06. - 
Powder for the mortar + — 3 5 


7 nah of the fuze compoſition 15. (eins of an inch. 


2 oz, ſtrung ſtars, 34: Rolled ſtars as many as the bY 
will ns allowing 1 room, for the fuze. 1 


Royal Ballons of Serpents. 
8 3 OZ, 4 5 
wen, * $ 10 #i+ 5 3's SG TT IL 5 1 0 
Corn pO wer i 2 — 13 
Powder for the mortar — 


＋ 


Length of the fuze compoſition 1 inch. 1 02. caſes 
drove 3 + and 4 diameters, and bounced 2, of each an 
equal quantity, ſufficient to load the ſhell. 
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190 Ball66ns with Gucken and Mar. 


— 
j 3 0. dt. 
A powder 3 TN bs 
a — — TY 
Payer for firing; the mortar. — 323 


Length of the fuze compoſition 14 i6ths of a an inch; 
_— 12, and W with crackers of 8 DouBces. 6 


Compound Royal Ball66ns,. oY 154 


| 4. 5 ; [1 | dis o· dr. : 
Meal Oe —ͤ— 3 
Corn 92 „ ß nah, et 
Powder for che mortar : « ͤ 3.12 


Lenach of the fure compoſition 1 inch, + oz. caſes 


drove and bounced 2 diameters, . 2 ounce caſes filled 
3»8ths of an inch with ſtar compoſition, | and bounced 


2 diameters, 8. Silver rain-falls, 10. 2 6z. tailed ſtars, 


16. Rolled brilliant Mars, 30. If this ſhould not be 


ſufficient to load the ſhell, you. May: complete it with gold 
rain-falls. 5 


| Eight-inch Ball66ns illuminated, 
02 WY 


Pa ry 1 1 of F 1 | t 4 = » EY F ; f 
. | 2 
— & 2 


Meal). 1 — 
Meal] onde 1 — _ 


Ci: * 
K&S, 


Powder for the mortar 88 ITT 3 9 


Length of the fuze compoſition 1 inch 1 Sth. 2 oz, 
drove ſtars, 48. 4 02. caſes drove with ſtar compoſition 
3 8ths of an inch, and bounced 3 diameters, 2; and 
the balloon gompleted with 2 0z. drove brilliant Nars F 


E 


* 
— _— . III Woes ˙ ere. Inn Perry oe we > — 


O do 7 


99 IRH r C IAL 
BalldGns of Serpents. 


c oz. dr. 
— 3 3 | 2 
Powder forthamortar__ _  w——_ > 15.7 4 9 8 


Length of the fuze compoſition 1 inde 3 16ths, 2 or. 
caſes Tone 1 4 diameter, and bounced 2; and 102. caſes 
droye | 20 ameters, and bounced 2 2 of each an equal 
quantity, ſufficient for the ſhell. 

N. B. The ſtar compoſition drove i in n caſes, 
muſt be managed thus; firſt, the caſes muſt be pinched 
cloſe at 1 end, then the corn powder put in for a report, 
and the caſe pinched. again cloſe to the powder, only 
leaving a ſmall vent for the ſtar compoſition, which is 
drove at top, to communicate to the powder; at the bounce 
end. 5 


* . M A R 8 


anssns filled with evackicts/ reports, 100 7 marrons, 
1 make no 'great-ſhow of themſelves, nor are they very 
_ pleaſing to che eye, for they repreſgnt nothing more than 
à number of pale white flaſhes, followed by a variety of 
reports; which all together make but a very indifferent 
appearance, when fired with illuminated ballöëns, which 
are ſo beautiful and brilliant, as to give ſuch luſtre as will 
dazzle the eyes of the ſpectators for ſome time. On this 
conſideration, I do not think it worth while loading ſhells 
of a large nature with things that afford. ſo little plea- 
ſure; but they have a pretty good effect" in royal ſhells, 
when thrown among a number of air works, ſuch as pots 
des brins or flights of rockets, in order to alarm the peo- 
le with a thundering in the air. For they will not 
. from whence the reports came, if fired exactly at 
the ſame time with the other works, and the fuze made 
to carry a ſmall fire, But if any one thinks proper w 
make 
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make large ballsons of this ſort, it is * obſerving a 


proportion of the blowing and fring powder, and the 


length of the fuze, for ſhells of the ſame dimenſions as 
thoſe you intend to make. Theſe kind of balloons are 
lighter than any other, by reaſon of the crackers being 
light, and not lying cloſe in the ſhells. It muſt be ob- 
ſerved, when you fire Tight ball66ns, not to put fo much 
| powder in the mortar as for heavy. 


ce - nch bela, 


: ical 3 75 5 Inne y 8 * . ; + 75 2 8 
Corn 3 | — — 112 
Powder for he mortar . — 9 4 


Length of the fuze compoſition 1-8th. 4 02. caſes. 


drove with ſtar compoſition 3-8ths of an inch, and bounced 
3 diameters, 16. 2 Oz. tailed ſtars, 16. 2 oz drove 
brilliant ſtars, 12. Silver rain-falls, 20. 1 0z. drove blue 
ſtars, 20: and 1 Oz. caſes drove and bounced : 2 diameters, 
as many as will fill the ſhell. 


Another of 8 inches. 


| O 1 3 — « + & » FE” ESTY ll $4 2 ; 4 
'Cob 285 uo — — 1,42 
Powder for the mortar — — 9 4 


Leg of the fuze compaſition I inch 1 8th; crackers 
of 6 reports, 10. Gold rains, 14. 2 02. 8 * drove 


with ſtar compoſition 3 Sths of an inch, and bounced 


2 diameters, 16. 2 02. tailed ſtars, 16, 2 Oz. drove 
brilliant ſtars, 12. Silver rains, 10. I 02. drove blue 


. ſtars, 20: and 1 02. caſes drove with a brilliant charge 


hol diameters auc VOuaces 3 as many as 5 the ſie ll 
old. | 
3 Another 


* » 
* 
—U U— te wm, > a = 6 wala. 
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| Another of. 8 inches. 


* 4 5 E he ye Ver 7 ALY be c 
Meal . 4 ͤ !l!J— —— 212 
Corn * F . — e "31 
Powder for the mortar, . or 9.20. 


145 „ : P Fr, 
o « # # © * * 


Length of the fuze conpoſition' 1 inch 1 16th. Crack- 


ers of 6 reports, 10. Gold rains, 20. 2 oz. caſes 
drove with ſtar - compoſition # an inch, and bounced 


2 diameters, 16. 2 0z. drove brilliant ſtars, 2 oz. drove 


blue ſtars, 2-02. drove coloured ſtars, 2 0z drove tailed 
ſtars, large ſtrung ſtars, and. rolled A of cs an 


equal nir, ſufficĩient for the ball6on. . 


'A compound rorinab Ballen. 


„ 1 oz. ar. 
Wea 2 — — 3 4 
Corn powder — — 2 8 
Powder for the mortar . 


Length of the fuze compoſition: 15 i6ths of an inch. 
1 0Z. Caſes drove and bounced ; diameters, 16, Crack- 


ers of 8 reports, 12. 4 02. ales drove I an inch with ſtar 
compoſition, and bounced” 2 diameters, 14. 2 O2. caſes 


drove with brilliant fire 1 4 diameter, and bounced 2 dia- 
meters, 16. 2 02. drove brilliant ſtars, 35. 2 Oz. drove 
blue ſtars, 30. Gold rains, 20. Silver rains 20. After all 
theſe are put in, fill the remainder of ny caſe un ed 


; ons rolled dars. 


Ten-inch Ball66n of 3 changes, 5 


INS oz. dr. 

i, —— — —3 0 
EY ES — ͤ 32 
"Powder tor 5. Mortar nn —_— 0 
Length 


*. 
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Leng th of the fuze compoſition 1 inch. The ſhell muſt 

be- — 2 with 2 Oz. caſes, drove with ſtar compoſition 

1 of an inch, and on that 1 diameter of gold fire, then 
bounced 3 diameters; or with 2 0z. cafes firſt filled 
1 diameter with gold-fire, then + of an inch with ſtar 
com poſition, and on that 1 diameter and 4 of brilliant f 
fire. Theſe caſes muſt be well ſecured at top of the | 
charge, left they ſhould take fire at both ends; but their 

ae: mu Fo be e than the com mon proportion. 


'To make Ball66n Fuzes,” 


Boer for air ball66ns are ſometimes turned out of dry 
beech, with a cup at top, to hold the quick- match, as 
you ſee in Plate II. Fig. 28, but if made with paſted pa- 
per, they will do as well: the diameter of the former 
for fuzes for eoehorn ballons, mult be an inch; for aroyal 
Fuze, 5 8ths of an inch; for an 8-inch fuze, 2 of an inch ; 
and for a 10-inch fuze, 7 Sths of an inch. Having 
rolled your caſes, pinch and tie them almoſt cloſe at one 

. end; then drive them down, and let them dry; before you 
begin to fill them, mark, on the outſide of the caſe, the 
length of charge required, allowing for the thickneſs of 
the} bottom ; and when you have rammed in the com- 
poſition, take 2 pieces of quick- match, about 6 inches 
long, and lay one end of each on the charge, and then 
a little meal powder, which ram down hard z the looſe f 
ends of the match double up into the top of the fuze, | 
and cover it with a paper cap to keep it dry. - When 1 you 
put the ſhells. in the mortars, uncap the fuzes, and Sal 
aut the looſe ends of the match, and let them hang on 
the ſides of the ball ns. The als of the match is, to 
receive the fire rom the powder in the chamber of the 
mortar, in order to light the fuze: the ſhell being put 
in the mortar with the füze up ermoſt, and exactly i in 

the centre; ſprin le over it a little meat- powder, and 

it will be ready to be fired. Fuzes made of wood muſt 

be longer than thoſe of paper, and not bored. quite 
through, but left ſolid about 4 an inch at bottom; and | 


vv hen 


. 
when you uſe them, ſaw them off to a proper length, mea- 


ſuring the charge from the cup at top. 


Having filled ſome caſes within about 1 J diameter, 
drive in a ladle - full of clay, then pinch their ends cloſe, 


; ? 
* 3 "47 4 


and drive them down with a mallet; when done, find 


the centre of gravity of each caſe, where you nail and 
tie a ſtick; which ſhould be an inch broad at the mid- 
dle, and run a little narrower to the ends: theſe ſticks 
muſt have their ends turned upwards, ſo that the caſes 
may turn horizontally on their centres : at the oppoſite 
fides of the caſes, at each end, bore a hole ' cloſe: to the 


clay with a gimblet, the fize of the neck of a common 


caſe of the fame nature; from theſe holes draw a line 
round the caſe, and at the under part of the cafe bore'a 


hole, with the ſame gimblet, within J a diameter of each 


linè towards the centre, then from one hole to the other 


draw a right line. This line divide into 3 equal parts, 


and at X and Y, Fig. 29, Plate III. bore a hole, then 


from theſe holes to the other 2, lead a quick- match, over 


which paſte a thin paper. Fig. 30 repreſents a tourbil- 
fon as it ſhould lie to be fired, with a leader from one 
fide hole A, to the other B. When you fire tourbillons, 

lay them on a ſmooth table, with their ſticks downwards, 


and burn the leader through the middle with a port fire. 


They ſhould ſpin 3 or 4 ſeconds on the table before 
they riſe, which is about the time the compoſition will 
be burning, from the ſide holes to thoſe at bottom. 


Io tourbillons may be fixed reports, in this manner: 


in the centre of the caſe at top, make a ſmall hole, and 
in the middle of the report make another; then place 
them together, and tie on the report, and with a fingle 


paper ſecure it from fire: this done, your tourbillon is com- 
pleated. By this method you may fix on tourbillons, 
{mall cones of ſtars, rains, &c. but be careful not to load 
them too much. 1 8th of an inch will be enough for 
the thickneſs of the ſticks, and their length equal to that 


To 


of the caſes, . 


e 


' 4 
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To malte Mottvs to throw Aigrettes, and | 


74 


3 5 was to load and fire ten, ee 


MWortars to throw atgrettss: are generally de of palte⸗ 
| poard, of the fame thickneſs as balls. n mortars, and 2 
"diameters long in the inſide from the t. p of the foot: 
the foot mut be made of elm without a chamber, but 
flat at top, and in the fame proportion as thoſe for bal- 
15%n mortars; theſe mortars muſt alſo be bound round 
witk cord as before mentioned: ſometimes 8 or 9 of 
theſe mortars, of about 3 or 5 inches diameter, are bound 
all 1 ſo ds to appear but 1; but when they are 
made for this pürpoſe, the bottom of the foot * muſt be 
of the fame Fre as the mortars, and only 4 a dia- 
meter high.” "Your mortars being bound well toge her, 
fic chem oh a he eavy ſolid block 6f wood: to load theſe 
mortars, firſt put on the inſide bottom of each, a piece of 
paper, an on ir ſpread 02. of meal and corn'powder 
mixed ; then tie your ſerpents up in parcels with quick- 
match, and put them in the mortar with their mouths 
downwards; but take cate the parcels do not fit too 
ti ek. in th e mortars, and chat all the ſerpents have been 
well rimed with powder wetted with ſpirit ' of wine: 
on the top of the ſerpents in each mortar lay ſome paper 
or tow; then carry a leader from one mortar to the 
other all round, and then from all the outfide mortars 
into tha in the middle: theſe leaders muſt be put be- 
tween the caſes and the ſides; off the mortar, down to the 
ER at h hottom: in the centre of the middle mortar 
Xa Reg, or brilliant fountain, which mult be open 


of the mottat; 3 "then pa alle paper, on the tops of all the 
mortars.” & 1 8 Ps 
Mortars 1062 preparta? are ned iNeſt of Serpents, 
as repreſented by Fig. 31 When you would fire theſe 
mortars, light the fire-purnp C which when conſumed 
will communicate to all the möôrtars at once, by means 
of the leaders. For mortars of 6, , or 10 inches dia- 
| meter, 


* 


OBEY meter, the ſerpents ſhould be made in 1 and 2 Oz. caſes, 
For 7 inches long and fired by a leader, brought out of 
the mouth of the mortar, and turned down the outſide, 
and the end of it covered with paper, to prevent the 
ſparks of the other works from ſetting it on fire. For a 

Lich wee Tet the quantity of poxder for firing be 

2 02. fof an 8-inch, 2 + 02s and for a 10. inch; 3 202. Care 


ar of bur: ing the mortars. 


3 ©. may be Joaded with ſtar:; crackers, Kc. 


% , £3 oth fs 8 gt» LIES FEI PEE PLIES, G 5 
155 or liable to be much moved, the firing powder 


ee 


about ; then cut a round piece of blue touch paper, 


adi 1 ie 5 Fa PE 8” 2 . & 5 $6 FA, IS one 4 4324 #'- 3% 4 4 
it a circle, equal to the interior diameter of the mortar 
aud notch it all round as fax as that circle; then paſts 
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bers, t | or tes, only 10 
tronger: ſauciſſons are made of 1 and 2 oz. caſes, g; or 6 
inches long, and choaked in the ſame maner as ſerpents: 
chalt the number which the mortar contains, mult be 

drove 1 4 diameter with compoſition, and the other half 
2 diameters, ſo that when fired they may give 2 volleys 
of reports; but if the mortars are very ſtrong, and will 
bear a ſufficient charge, to throw the ſauciſſons very 
high, you may make 3 volleys of reports, by dividing 
the number of caſes into ; parts, and making a dif- 
feèrenee in the height of the charge: after they are filled, 
pinch and tie them at top of the charge, almoſt cloſe; 
only leaving a ſmall vent to communicate the fire to the 
upper part of the caſe, which muſt be filled with corn 

powder very near the top; then pinch the end quite cloſe, 
and tie it; after this is done, bind the cate very tight 


— cus => Ip 


= 
05 


at bottom, and on every peg fix and glue a ptt, whoſe 
mouth muſt fit tight on the peg: through all the holes 
run a quick-march, one end of which muſt go into the, pot, 
and the other into the groove, which muſt have a match 
laid in it from end to end, and covered with paper, ſo tha t 


when lighted at one end, it may diſcharge the whole al moſt 


inſtantaneoufſly: in all he pbts put about 1 02. of meal and 
corn pow. der; then in ſome put ſtars, and others rains, 
ina kes, ſerpents, crackers, &c. when they are all loaded, 
paſte papet over their mouths. 2 or 300 of theſe pots 
being fired together, make a very pretty ſnow, by afford- 
ing ſo great a variety gf fires. Fig 3: is a range of pots 
des hrins, with the leader A, by which they are fired. 


1 3 3 a. 
1441 TS 


Pots des Sauciſſons 


3 Arc-panerally fired out of large mortars. without cham- 


* 


he ſame as thoſe for aigrettes, only ſomewhat 


with waxed pack-thiead, from the ehoak at top of the 


compoſition, to the end of the caſe; this will make the 
cCaſe very, ſtrong in that. part, and cauſe the report to be 
'very)loud;: ſauciſſons ſhould be rolled a little thicker of 
paper than the common proportion. When they are 
to be put in the mortar, they muſt be primed in their 


F 2 18 mouths. 
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_ mouths, and fired by a caſe of. brilliant. fire fixed in 
their centre, 

'... "06: charge for theſe mortars. abt be 16th, or 
1-8th, more than for or, des e of the fame 
8 diameter, | | 


i, 


To fix one Rocker on 1 Top of gott 


When ſky rockets are thus managed, they are called 
e Towering k ockets, on account of their mounting fo very 
| high. Towering rockets are made after this manner; 

fix on a pound rocket a head without a collar; then take 
a oz. rocket, which may be headed or bounced, and 
rub the mouth of it with meal powder wetted. with ſpirit 


of wine; when done, put it in the head of the large 


rocket with its- mouth downwards; but before you put 
it in, ſtick a bit of quick-match in the hole in the clay 
of the pound rocket, which match ſhould be long enough 
to go a little way up the bore of the ſmall rocket, to fire 
it, when the large is burnt out: the 4 0z. rocket being 
too ſmall to fill the head of the other, roll round it as 
much tow as will make it ſtand upright in the centre of 
the head: the rocket being thus fixed, paſte a ſingle paper 
round the opening of the top of the head of the large 
rocket. The large rocket muſt have only half a diameter 
of charge rammed above the piercer, for, if filled to the 
_ uſual height, it would turn before the ſmall one takes 
fire, and entirely deſtroy the intended effect: when one 
rocket is headed with another, there will be no occaſion 
for any blowing powder; for the force with which it ſets 
off. will be ſufficient to diſengage it from the head of the 
firſt fired rocket. The ſticks for theſe rockets muſt be 
© alittle longer than tor thoſe headed with ſtars, rains, &c. 


Caduceus Rockets, 


| 1 


In riſing, form 2 ſpiral lines, or double Worm; \7 by: rea- 
ſon of their being W obliquely, one oppofit ite the 
_— 1 e 


- 
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other; and their counterpoiſe in their centre, which 
cauſes them to riſe in a vertical direction. Rockets for 
this purpoſe mult have their ends choaked cloſe, without 
either head or bounce; for a weight at top would be 


S 
z great obſtruction to their mounting; though I have 


known them ſometimes to be bounced, but then they 


did not riſe ſo high as thoſe that were not; nor do any 
Caduceus rockets aſcend ſo high as ſingle, becauſe of 
their ſerpentine motion, and likewiſe the reſiſtance of 
air, which is much greater than 2 rockets of the ſame 
| fize would meet with, if fired ſingl y. 

By Fig. 33. you ſce the method of fixing theſe rockets; 
| the ſticks for this purpoſe muſt have all their ſides equal, 
which fides ſhould be equal to the breadth of a ſick 
proper ſor a {ky rocket of the ſame weight as thoſe you 
intend to uſe, and to taper downwards as uſual, long 
enough to balance them, 1 length of a rocker, from 
the croſs ſtick; which mutt be placed from the large 


ſtick, 6<diameters"of tr of the rockets,” and its length 


7 diameters; ſo that each rocket, when tied on; may form 
with the, large ſtick an angle of 6o degrees. In tyin 
on the rockers, place their heads on the * oppoſite fides 


of the croſs, ſtick, and their ends on the oppoſite ſides 
of thelong ſtick; then carry a Jeader from the mouth of 


one into that of the other. When theſe rockets arg to 


be fired, ſuſpend them beiween 2 hooks or, vails, then 


bura, the leader through, the middle, and both will take 


fire at the ſame time. Rockets gf, 1 Se, are a : 890d; figs 
ior this wes. 1 47 Io 5 


#1) E. 


2613 51 Honorary Rockets an HO! e 
24 $4.54 

Are the ne as {ky. rockets, except that they. carry 

no head nor report, but. are cloſed at top, on Which is 

fixed a cone; then on. 15 caſe, cloſe to. the top of the 

ſick, you tie a 2 0p. caſe, about 5 or, 74 inches long, filled 


Vith à ſtrong e and pinched cloſe at both ends; 
then in the reverſe ſides, at each end, bore a hole in the 


fame manner as in tourbillons; from each hole carry a 
= 3 | leader 
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leader, into the top of, the rocket. When the rocket is 

ſired, and arrived: to its proper height, it will give fire 
the caſe at top, which will cauſe both. rocket and 

ſtick to ſpin very faſt in their return, and repreſent 

| a. worm of fire, deſcending to the ground. 

Ibere is aporker method of placing the ſmall caſe, 


which i 15. by letting the flick. riſe, a little above the top 
of the rocket, and tying the caſe to it, ſo as, to reſt on 
che rocket: theſe rockets have no cones. 

There is alſo a third method, by which, they are 
managed, which is thus: in the top of a rocket fix a 
piece of wood, in which drive a ſmall iron ſpindle; then 

make a bole, in the middle of the ſmall caſe, through, 
Which put the ſpindle; then fix on the top of it a nut, 
to. keep the caſe from falling off; when this is done, the, 
ca e will turn very faſt, without the rocket; but this 
werbed 90 not anſwer ſo well as either of, the for- 


1 


Fig. 24. is Yb, 88 bet complete. 'T The beſt 
| Hee rocken for this purpoſe are thoſe oh, Ib. : 


To divide the Tail of a Sky Rocket. fo 
. as to form an, Arch when aſcending. 


25 


05 [Hevig ſome-+ hk mags; ery headed according 
to fancy, and tied on their ticks; get ſome ſheet tin, 


_ © and cut it into round pieces about 3 or 4 inches diame- 


ter; then on the ſtick of each rocket, under the mouth 
of the caſe, fix 1 of theſe pieces of tin, 16 inches from 
the rocket's neck, and ſupport it by a wooden bracket, 
as ſtrong as poſſible: the ule of this is, that when the 
rocket is aſcending, the fire will play with. great force 
on the tin, Which Will divide the tail in ſuch a manner, 
that it will form an arch as it mpunts, and will have a 
pery good effect when well matiaged: if there is a ſhort 
piece of Port- fire, of a firong 1 800 tied to tl he end 15 


1 
bo iir n ap 
. 1 3 


be e before you fire 1 e NEB; E 
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To wake ſevital Sky. Robkets file 4 in the 


fame direction, and equally diſtant From : 
each other. 317 ? 


4 \ Take 6 or any number of ky werke of 150 ae 
you pleaſe; then cut ſome. ſtrong pack- thread into 
pieces of 3 0r 4 yards long, and tie each end of theſe 
pieces to a rocket in this manner. Having tied one end 
of your pack: thr ad round the body of one rocket, and 
the other end to another; take a 2nd piece of pack- 
thread and make one end of it faſt to one of the rockets 
already tied, and the other end to a 3d rocket, ſo that all 
the rockets, except the 2 qurfide, will be faſtened to 
2 P ces c of pack- thread: the length of thread from ove 
rocket to the other, may be What the maker pie . 
but. the rockets mut be all of a <: ZE; and their eads : 
filled with the ſame weight of ſtars, rains, Kc. 55 
| Having thus done, fix. in the mouth of each rocket 
a leader of the ſame length; and, when you Are going 
to fire them, hang them almo't cloſe ; then tie the ends E 
of the leaders together, and prime them: this prime 
being fired; all the rpckets will mount at the ſame time, 
and divide a as far as the ſtri ings will allow ; W hich. divifi on 
they will keep, provided chey are all rammed. alike, 


and, well made. f are called, by fog TIO 
ROCK, n 


Sisal Sky W 


Are 1 1 kinds, according to the different 
den ieee bg enz dun i Artificial Feuctks, 
orts are only, uſed, which are ns with reports, and 
the other without; bur the Boſh hor che uſe off {he 2vy and 
Arm 55 beaded with 5 e 1 
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72 ARTIFICIAL: 

and, after they are filled, drive in a double quantity of 
clays then bounce and pinch them, afterthe bs ad age 
ner, an: fix c on, each a cap. 

Signal ſky- rockets without bounces, are only ſky 
re cloſed and capped: theſe are very light, therefore 
do not require ſuch heavy ſticks as thoſe with loaded 
heads;.for ::which reaſon, you may cut one length of 
the rocket off the ſtick, or elſe make them thinner. 

Signal rockets with reports, are fired in ſmall flights; 
ind oft both: theſe, and thoſe without reports, are uſed} 


for a Shah to ne W a collection of works. 09730 
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To fr two or more Sky Rockets on one 
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Ts! | vb or 6 ky wcketl, fixed 6 on 1 Rick, and fired 
together, make a grand and beautiful appearance; for 
the tails of all will ſeem but as one of an immenſe ſize, 


and the breaking of ſo many heads at once will re- 


ſemble the burſting of an air balls6n; but the manage- 
ment of this device requires a Kilful hand; therefore, 


for the encouragement of thoſe who. are fond of curious 


performances, 1 ſhall give ſuch inſtructions, that, if 
well obſerved, even by thoſe who have not made a great 


progreſs in this art, there will be no doubt of the rockets | 


E the deſired effect. RP 
Rockets for this purpoſe muſt be made With the 


greateſt exactneſs, all rammed by the ſame hand, in 


the ſame mould, and out. of the one proportion of com- 


poſition; and after they ate filled and headed, muſt all 
be of the ſame weight: the ſtick muſt alſo be well made, 


(and pre portioned) t to the following directions: firſt, ſup- 


poſing your rockets to be 3 pounders, whoſe flicks 28 
6 feet 6 inches long, then if 2, 3, or 6 of theſe are to 
be fixed on 1 flick, let the length of it be 9 feet g inches; 

then cut the top of it into as many ſides, as there are 
, rockets, and let the length of each fide be equal to ths” 
length of i of the rockets without its head; and in each 


. fide cut 2 groove, (as yſual); then from the _— 
plane 


1 
1 


plane it round, e to th «ks A its nac 
neſs muſt be equal to half the top of the round part. 
As their this! ines cannot be exactly. aſcertained; I ſhall 
give a rule which generally anſwers. for any number of 
rockets above two: the rule is this; that the ſtick at top 


muſt be thick enough; when the grooves àre cut, for all 


the rockets do lie, without ROY each r ——_ 


as near as poſhble, I 
When only 2 rockets a are to he fixed on 1 Rick, let the 


length of the ſtick be the laſt given proportion, but 


ſhaped after the eommon method, and the; breadth and 
W dooble the dimenfions given in the Table, 
page 50. 1 he point of poiſe muſt be in the uſual place, 
(let the number of rockets be what they will:) it ſticks 
made by the above directions ſhould be too heavy, 
plane them thinner; and if too light, make them 
thicker; but always make them of the {ame length. 
When more than two rockets are tied on one ſtick, 
there will be ſome danger of their flying up without 
. the ſtick, unleſs the following precaution is taken ; for 
caſes being placed on all fides, there can be no notches 
for the cord which ties on the rockets to lie in; 
therefore, inſtead of notches, drive a ſmall nail, in each 


ſide of the ſtick, between the necks of the caſes; and 


let the cord, which goes round their necks, be brought 
air under the nails; by this means the rockets will be 


cure, as When tied on ſingly. Your rockets being 
cus fixed, carry a quick- match, without a pipe, from the 


Wee of one rocket to the other ; this match being 
lighted will give fire to all at oncge. 
"IF hough the directions already given may be ſafti- 


cn por theſe 0 1 Hall here acl an im ee 


before 1 kit 75 — wp Wise wing et many my 
eſſays proved unſucceſsful ; but to prevent lch per- 
plexities, inſtead of the id and common manner of 
hanging them on nails or hooks, make uſe. of this con- 


trivance: haye a ring W of ſtrong 1 won W ire, ite 
enough 


E 
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ehough for the ſtick to go in, as far as the moduthilef 
the rocketsʒ chen let this ring be ſupported by à ſmall 
iron, at ſome diſtance from the poſf or ſtand! to Which 
it is fred; then have another ring, fit to receive and 
guide: the ſmall end of the ſtick. Rockets thus ſuſpendedl 

Tall have nothing 0 obſtruct their fire; but when they 
are hung ond nails or hocks, in ſuch a manner, that 
ſome of their mouths are againſt or upon à rail, there 

van be EY: of their we in 1 vertical nk nag 


To 0 gte Sky-rockets withogr' sticks. | 


© You mult have a ſtand, of a block of wood, a foot 
ter, and make the, bottom flat, ſo th. t it. may 

kene ſteady in the centre of the top of, this block 
draw a circle 2 2 inches diameter, and divide the cir- 
cumference of it into 3 parts; then take, 3 r of 
thick 1 iron wire, each abour 3. feet long, and drive them 
into the block, 1 at each point made on the circle ; 3 
when theſe wires are drove in deep enough; to, hold them 
faſt, and ypright, ſo that the diſtance from one to 
the: other 1 is the Re at top, as At e AR Land i 18 
e 

The and being chang. 4 jade, prepare your 2 
thus: take ſome. roman. V rockets, of 
bead them as you pleaſe; then. get ſome balls n lea. lead, 
and tie to each a mall wire, 2 or 2 4 feet long, and 
che other end of each wire tie to the neck of a rocket: 
theſe balls anſwer the purpoſe. of Rica, when, made of a 
proper weight, which is about 2. 3ds the weight of the 
rocket; but when they rid of a proper. 3 they 
i balance the rocker in; the ſame manner as à ſtick, 
at the uſual bade 7 To fice, theſe, hang them, 
ane at a time, between the, tops of the W. N Fins 
their heads reſt on the point of the Wires, F balls 
hang down between them if. the wires, th too 
wide for the rockets, pit dem egen, a hey, fit 
and if, te q cl, xc them, ohen: 55 wires kor this. 
purpoſe uſt. be ſoftened, ta, as, not. tp axe a Nee 
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Gold and ſilver rain compoſition are drove in caſes 


that are pinched quite cloſe at one end: if you roll them 
dry, 4 or 5 rounds of paper will be ſtrong enough, but 


if they are paſted, 3 rounds will do; and the thin ſort 
of cartridge paper 1s. beſt; for thoſe ſmall caſes, which 
in rolling you muſt not turn down the inſide edge, as in 


other caſes, for a double edge would he too thick for ſo 


ſmall a bore, The moulds for rain-falls ſhould be. made. 
of braſs, and turned very {ſmooth in the infi de; or the 


caſes, which are ſo very thin, would tear in coming out; 


for the charge muſt be drove in tight; and the better 
the caſe fits the mould, the more driving it. will bear. 
Theſe. moulds have no nipple, but er of which 
they are made flat: as it would be very tedious and 


troubleſome to ſhake the compoſition out of ſuch ſmall - 
ladles, as are uſed for theſe caſes, it will be neceſſary. to 


have a funnel, made of thin tin, to fit on the top of the 
ole: by the help of which, you, may fill them very faſt. 
For fingle rain. NT tor 4 07. rockets, let the diameter 
of the former be 2 his of an inch, and the length of 
the caſe 2 inches; for 8 0z. rockets, 4 16ths, and 2 dia- 


meters of the rocket long; for 11h. rockets, 5 16ths, and 


2: dia Meters of che rocket long; for 2 lb. rockt ts, 3. 16ths, 
andy e long; for 4 lb. rockets, 6 i6ths, and 
4.3 inc 
and 5; inches long. 
Of double rainafalls 3 2 ſorts; a5, for example, 


ſatne.appear finſt like a ſtar, and then as rain; and fome 
as rain, and then like a ſtar ; when you would 


appear firſt 


have ſtars: firſt cy muſt fill the caſes, within J an inch 
of the top, with rain compoſition, and the remainder uh 
ſar, compgſſtion.;-- but when you -intend the rain-thould 
pe 9 Abe the caſe 2 an inch 11 ſtar compoſition, 

and 


Rain-falls for Sky-rovkets, Pouble and 


es 'ongs and for 6-pounders,: 7 46rhs diameter, | 
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the reſt with rain. By this method. may be made many 
changes of fire; for in large rockets you may make 
them firſt burn as ſtars, then rain, and again as ſtars; 
or they may firſt ſhew. rain, then ſtars, and finiſh with 
-a report; but when they are thus managed, cut open 
the firfi-rammed end; after they are filled and bounced, 
at Which. place prime them. The ſtar compoſition 
for this . muſt be a little une 2 for 


Strung Stars. * 


Firſt take bine chin paper, and cut it into pieces of 
1 J inch ſquare, or thereabouts; then on each piege lay 
as much dry. ftar compoſition as yot? think the pa per 
will eaſily contain; then twiſt up the paper as tight as 
you can; when done, rub ſome paſte on your hands, 
and roll the ſtars between them; then fet them to dry: 
your ſtars being thus made, get ſome flax or fine tow, 
and roll a little of it over each ſtar; then paſte your hands, 
and roll the ſtars as before, and ſet them again to dry; 
when they are quite dry, with a piercer make a hole 
through the middle of each, into which run a cotton * 
quick-match, long enough to hold 10 or 12 ſtars, at 
3 of 4 inches diſtance: but any number ! ſtars, MAY. be 
un together by) Joining t the match. | - 


Tailed Stars. 855 1 


Theſe-ar are called tailed ſtars, Verdun ers are 2 eres 
W ae af ſparks. iſſue from them, Whieh repreſent 
a tail like that of a comet. Of theſe there are two ſorts, 
which are Rolled and Drove: when rolled; they muſt be 
moiſtened with a liquor made of half a pint of ſpikit 
of wine, and half a gill of thin ſize, of this as much 
as will wet the compoſition enough to make it roll eaſy; 

when they are rolled, fift meal powder over them; and 
ſet them tod r: %% MBT e 0? 212% 

When tailed ſtars are drove, the compoſition muſt 


be moiſtened with ſpirit of wine only, and not made ſo 
wet 


— 


F 4 
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wet as for rolling: 1 and 2 oz. caſes, rolled dry, are beſt 
for this purpoſe; and when they are filled, unroll the 
caſe. within 3 or 4- rounds of the eharge, and and, all that you 
unroll cut off; then paſte down the looſe edge: 2 or 3 
days after the caſes are filled, cut them in pieces or6 8ths 
of an inch 1 in length; 3 then melt ſome WAX, a 1 fe. one 
end of each piece into it, ſo as to cover the c Pare tion: 
the other end muſt be 1 with meal powder wetted 
with vt of th 621 -Vionk $9900 1 1 4211 9 Of 


* * va * I Th 7 * 
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1 yu 1 | Is hae. $ © : 
row ci | Drove Stars. 0c % aft mater. 


Ces fo 005 ſlats are rolled with paſte „ but are 
made very thin of paper: before you begin to fill them, 
damp the compoſition with ſpirit of wine that his bad 
ſome camphor diffolved in it; you may ram them in- 
differently hard, ſo that you do not break, Or fäck the 
caſe, to prevent which, they ſhould fit tight in the 
mould: W are drove in caſes of ſeveral ftzes, from 
8 drams to 4 oz. when they are filled in z. 'cales. 
cut them in pieces of 3 of an inch long; if. 1 05. caſes, 
cut them in pieces of 1 inch; if 2 02. caſes, cut them 
in Pieces c of 1 I inch long; and if 4 4 02. F eut them 
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Are ect made about the ſize of a möket ball, 

though they are rolled of ſeveral ſizes, from the bigneſs 
of a piſtol ball, to 1 inch diameter; and ſometimes'yery 
ſmall, but chen called Sparks. Great care muſt be taken 
in making Rars, firſt, that the ſeveral ingredients ate 
reduced to a fine powder; ſecondly, that the compoſition 
is well worked and mixed, Before you begin to roll, 

take about: a OG of compoſition, and wet it with the 
. following 


d of 28 
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All ſtars muſt be. kept as much from air as . polhble, 
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Eaſes for ſcrolls ſhould be made 4 or /5 inches in 
length, and their interior diameter 3 8ths of an inch: one 
eng of theſe caſes muſt be pinched quite cloſe, before you 
begin to fill, and when-filled, cloſe the other end; then 
in dhe oppoſite fides make a ſmall hole at each end; to 
the compoſition, 'in the ſame manner as in Tourbillons; 
and prime them with wet meal powder. You may put 
in the head of a rocket as many of theſe, caſes as ir WII 
contain ; being fired they turn very quick in the air, aft 
form a ſcroll or ſpiral line. They are. generally fitted 
with a ſtrong charge, as that of ſerpents, or brilliant fire. 


Swarmers, 
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| " Swarmers, or - ſmall Rocket. | 
5 Ss Ns 4 bor ele 

by We A 3 the denomination of Suren 

are thoſe from 2 0·. downwards. Theſe fe kets are fired 

ſometimes in flights, and in large watet-works, &c. 

Swarmers of 1 and 2 , 02. are bored, and made in the 

ſame matiner as large rockets; except, when headed. 

their heads muſſ be put on withaut a collat᷑: the number 

of ſtrokes for aden 1 02. muſt be eight; 08 for 
2 Oz. twelve. M nes 

All cus: under 1 . are not bored; but wy be 
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ramming Welt ell . is not N 7 15. as 


they are rammed true, and, ' moderatel! 1 1 
necks of unibored 225 [ 4 e 
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Proportion of 

1 their charge, der 

pends on the ſize 
of the cavity in 
the compoſition:; 
I ſhall here en- 
£ deayour to give 

: mathematical 
demonſtration. 6 
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Let ARC be the hollow cone for the fire, AYCZB, 
the ſuperſieies of that cone all the lines OE at right 
angles with BC, all the lines OY at right angles with 
AC: now alb the angles ZO being towards R. whether 
the angles ZO are btuſe or acute, but the more acute 
the better. The rays of fire ZO and YO iſſuing from 
the ſides of the cone BC and AC, and eontinually acting 
with the greater force one upon another at O, forcing 
the Whole BCA upward from the point R; and the wider 
the cone is, (ſo as not to exceed one third at bottom, 
and one ſixth at top, of the exterior diameter of the 
rocket). the greater velocity avill the rocket riſe with.. 
„ Hod MOPUONNIOD uumen zgto! ee 9 1 = e 
Cate muſt be taken, in plicing the rockets, when they 
are to he fifed, to give them a vertical direction at their 
firſt ſetting out ; which may be managed thus. Have 
2 fails of Wood, of any length, ſupported at each end 
by a perpendicular leg, fo that the rails be borizon- 
tal, and let the diſtance from one to the other be 
almoſt equab to the length of the ſticks of the tockets 
intended to be fired; then in the front of the top rail 
drive ſquare hooks at 8 inches diſtance, with their points 
turning ſide ways, ſo that when the rockets are hung on 
them, the points will be before the ſticks, and keep 
them from falling, or being blown off by the wind: in 
the front of the rail at bottom muſt be ſtaples, drove 
perpendicular under the hooks at top; through theſe 
ſtaples Put tlie ſmall ends of the rocket ſticks. Rockets 
are fired by applying a lighted port firè to their mouths. 
N. B. When ſky rockets are made to perfection, 
and fired, they will ſtand 2 or 4 ſeconds on the hook 
before they riſe; and then mount up briſkly, with a ſteady 
motion, carrying a large tail from the ground all the way 
up, and, juſt as they turn, break and diſperſe the ſtars. 


| Girandole Cheſts, for flights of Rockets, 
Are generally compoſed of four ſides, of equal dimen- 


| ſions; but may be made of any diameter, according ta 
Pets | the 


„ i (3 
the number of rockets deſigned to be . its bei ght / 


muſt be in proportion to the rogkets, but muſt 3 
be a little higher than the rockets with their ſticks. 


When the fides are joined, fix jn the top, as far down 


the cheſt as the length of one of the rockets with its 


cap on. In this top, make as many ſquare or round 


holes to receive the rocket ſtieks, as you intend to have 
rockets ; but let the diſtance between them be ſufficient 
for the rockets to ſtand without touching one another; 
then from one hole to another cut a groove, large enough 


for a quick- match to lie in: the top being thus fixed, 
put in the bottom, at about 1 f foot diftance from the 


bottom of the cheſt; in this bottom muſt be as. many 
holes as in the top, and all to correſpond ; but theſe 
holes need not be ſo large as thoſe in the top. 

Jo prepare your cheſt, you muſt lay a quick-match; 
in all the grooves, from hole to hole; then take ſome 


ſky rocke s, and rub them in the mouth with wet meal 


powder, and put a bit of match up the cavity of each, whic 
match muſt be long enough to hang a little below the 


mouth of the rocket. Your rockets and cheſt being pre- 
pared according to the above directions, put the Ticks 


of the rockets through the holes in the top and bottom 
of the cheſt, ſo that their mouths may reſt cn the quick- 
match in the grooves; by which all the rockets will be 
fired at once; for by giving fire to any part of the match, 

it will communicate to ail the rockets in an inſtant. 
As it would be rather troubleſome to direct the ſticks 
from the top to the proper holes in the bottom, it 
will be neceſſary to have a ſmall door in one ot the 
ſides, Which when opened, you may ſee how to place 


the flicks. Flights of rockets. being ſeldom fired 
at. the beginning of any fireworks, tor which reaſon 


they are in danger of being fired by the ſparks from 


wheels, &c. therefore to preſerve them, a cover ſhould i 
be made to fit on the cheſt, and che door in the fide 


kept mut. 
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Serpents or Snakes for Pots of Aigrettes, 
| Small Mortars, Sky Rockets, &c. 

| Serpents for this uſe are made from 2 J inches, to 
7 inches long, and their formers from 3 16ths to 5 8ths 
of an inch diameter; but the diameter of the caſes 


muſt always be equal to 2 diameters of tlie former; they 


are rolled and choaked like other cafes, and filled with 
compoſition from 5 Sths of an inch, to 1 1 inch high, 
according to the ſize of the mortars, or rockets, they are 
deſigned for, and the remainder of the caſes bounced 
With corn-powder, and afterwards their ends pinched 
and tied cloſe: before they are uſed, theit mouths muſt 


+ i 


be primed with wet meal-powder. 


Leaders, or Pipes of Conimunication. 


The beſt paper for leaders, is Elephant, which you 


cut into long ſlips, 2 or 3 inches broad, fo that they may 
go 3 or 4 times round the former, but not more: when 
they are very thick, they are too ſtrong for the paper 
which faſtens them to the works, and will ſometimes 
fly off without leading the fire. The formers for theſe 


2 are made from 2 to 6 16ths of an inch diameter; 


but 4. 16ths is the fize generally made uſe of: the for- 
rub them over with greafe, or keep them wet with paſte, 
to prevent their ſticking to the paper, which muſt be paſted 
all over, In rolling of pipes, make uſe of a rolling- 


board, but uſe it lightly : having rolled a pipe, draw out 


the former with one hand, holding the pipe as light as 
poſſible with the other; for, if ic prefs againſt the former, 
it will. ſtick and tear the paper. 2 


N. B. Make your leaders of different lengths, or in 


clothing of works you will cut a great many to waſte. 
Leaders for marron batteries muſt be made of ſtrong 
cartridge paper. | 


SET. 


————ů — 


mers are made of ſmooth braſs wire: when you uſe them, 


a_—_— 


«Wl Wim I Ow . 


SEC F. V. Aquatic Fireworks. 


W ORKS that ſport in the water are much eſteemed 
by moſt admirers of fireworks, particularly water 
rockets; but, as they ſeem of a very extraordinary na- 
ture to thoſe who are acquainted with this art, L ſhall 
endeavour to explain the method of making them, in as 


full and eaſy a manner as poſſible, as well as other de- 
vices for the water. 


Water Rockets 


May be made from 4 Oz. to 2 lb. but, if larger, are 
too heavy; ſo that it will be difficult to make them keep 


above water without a cork float, which muſt be tied 
to the neck of the caſe; but the rockets will not dive ſo 


well with, as without floats. 
Caſes for theſe are made in the ſame manner and pro- 


portion as ſky rockets, only a little thicker of paper. 


When you fill them which are drove ſolid, put in firſt 


1 ladle- full of ſlow fire, then 2 of the proper charge and 
on that 1 or 2 ladles of ſinking charge, then the "proper. 
charge, then the ſinking charge again, and ſo on, till 
you have filled the caſe within 3 diameters; then drive 
on the compoſition 1 ladle- full of clay; through which 
make a ſmall hole to the charge; then fill the caſe, within, 


J a diameter, with corn powder, on which, turn down 


2 or 3 rounds of the caſe in the inſide; then pinch and 


tie the end very tight: having filled your rockets, (accord- 
ing to the above directions} dip their e ds in melted r f in, 
or ſealing Wax, or elſe ſecure them well with gr eaſe. 


When you fire theſe rockets, throw in 6 or $ at a time; 


but, if you would have them all fin':, or heim, at the 


ſame time, you muſt drive them with an equal quantity 


of com pofſition, and fire them all toge cher. 


Os. | n 
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To make Pipes of Communication, which 
may be uſed under Water. 


Pipes for this purpoſe muſt be a little thicker of paper 
than thoſe for land. Having rolled a ſufficient number 
of pipes, and kept them till dry, waſh them over with 
drying oil, and ſet them to dry; but when you oil them, 
leave about 11 inch at each end dry, for j zgints: if they 
were oiled all over, when you come to join them, the 
paſte would not ſtick where the paper is greaſy: after 
the leaders are joined, and the paſte dry, oil the joints. 
Theſe pipes will lie many hours under water, without 
receiving any damage. | 


Horizontal Wheels for the Water. 


Firſt get a large wooden bow! without a handle; then 
have an octagon wheel made of a flat board, 18 inches 
diameter, fo that the length of each fide will be near 
7 inches: in all the ſides cut a groove for the caſes to 
lie in. This wheel being made, nail it on the top of the 
bowl; then take 8 four-Ounce caſes, filled with a proper 
charge, each about 6 inches in length. Now, to clothe 
the wheel with theſe caſes, get ſome Whitifh- brown paper, 
and cut it into flips 4 or 5 inches broad, and 7 or 8 long: 
theſe ſlips being paſted all over on one fide, take 1 of 
the caſes, and roll 1 of the flips of paper about 1 4 inch 
on its end, ſo that there will remain about 2 4 inches of 
the paper hollow from the end of the caſe: this caſe tie 
on I of the ſides of the wheel, near the corners of which 
muſt be holes bored, through which you put the pack- 
thread to tie the caſes: having tied on the firſt caſe at the 
neck and end, put a little meal powder in the hollow 
paper; then paſte a flip of paper on the end of another 
- caſe, the head of which put into the hollow paper on the 
firft, allowing a ſufficient diſtance, from the tail of one 
to the head of the other, for the paſted paper to bend 


Without tearing: the ſecond caſe tie on as you did the 
firſt; 


we 
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firſt; and ſo on with the reſt, except the laſt, which 
muſt be cloſed at the end, unleſs 3 it is to communicate to 


any thing on top of che wheel; ſuch as fire pumps or 
brilliant fires, fixed in holes, cut in the wheel, and fired 


by the laſt or ſecond caſe, as the fancy directs: 6, 8, or 


any number, may be placed on the top of the wheel, ſo 
that they are not too beavy for the bowl. 


Before you tie on the caſes, cut the upper part of all 


their ends, except the laſt, a little ſhelving, that the fire 


from one may play over the other, without being ob- 
ſtructed by the caſe. Wheel caſes have no clay drove 


in their ends, nor pinched, but are always left open, 


only the laſt, or thoſe which are not to lead fire, which 
mult be well ſecured. 


Water Mines. 


For theſe mines you muſt have a bowl, with a wheel 
on it, made in the ſame manner as the water wheel, only 


in its middle muſt be a hole, of the ſame diameter you 


deſign to have the mine. Theſe mines are tin pots, with 
ſtrong bottoms, and a little more than 2 diameters in 
length: your mine muſt be fixed in the hole in the wheel, 

with its bottom reſting on the bowl ; then loaded with 
ſerpents, crackers, ſtars, ſmall water rockets, &c. in 
the ſame manner as pots of aigrettes ; but in their cen- 
tre fix a caſe of Chineſe fire, or a ſmall gerbe, which 
mutt be lighted at the beginning of the laſt caſe on the 


wheel. Theſe wheels are to be clothed as uſual. 


Fire Globes for the Water. 


Bowls for water globes muſt be very large, and the 


| wheels on them of a decagon form ; on each fide of 


which nail a piece of wood 4 inches long, and on the 
outſide of each piece cut a groove, W ide enough to re- 
.ceive about 2 of the thickneſs of a 4 02, caſe: theſe 


pieces of wood mult be nailed in the middle of each face 


of the wheel, and fixed in an oblique direction, ſo that 


the fire from the cales may incline upwards: the wheel 
5 3 GE: 3 
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being thus prepared, tie in each groove a 4 07. caſe, 
filled with a grey charge; then carry a leader from the 
tail of one caſe to the mouth of the other. 

Globes for thefe wheels are made of 2 tin hoops, 
with their edges outwards, fixed one within the other, 
at rizht angles. The diameter of theſe hoops muſt be 
ſomewhat leſs than that of the wheel. Having made a 


globe, drive in the centre of a wheel an iron ſpindle, 
which muſt ftand perpendicular, and its length 4 or 


6 inches more than the diameter of the globe. 
This ſpindle ſerves for an axis, on which the globe is 


fixed, which, when done, mult ſtand 4 or 6 inches from 
the wheel: round one ſide of each hoop muſt be ſoldered 


little bits of tin, 2 3 inches diſtance from each other; which 


pieces muſt be inches in length each, and only faſtened 
at one end, the other ends being left looſe, to turn round 


the ſmall port fires, and hold them on: theſe port fires 
muſt be made of ſuch a length, as will laſt out the caſes 
on the wheel. You are to obferve, that there need not 
be any port fires at the bottom of the globe within 4 inches 
of the ſpindle; for, if there were, they would have no 
effect, but only burn the wheel: all the port fires muſt 
be placed perpendicular from the centre of the globe, 
with their mouths outwards; and mult all be clothed 


with leaders. ſo as all to take fire with the ſecond caſe of 


the wheel; which cafes muit burn 2 at a time, 1 oppoſite 
the other. When 2 cafes of a wheel begin together, 
2 will end together; therefore the 2 oppoſite end caſes 


muſt have their ends pinched and ſecured from fire. The 


method of firing ſuch wheels is, by carrying a leader 
from the mouth of one of the firſt caſes, to that of the 


other, which leader being burnt through the middle, 


will give fire to both at the ſame time. 


Odoriferous Water Ballöbas, 


. Theſe balléons are made in the fame manner, as air 
| ball56ns, but very thin of paper, and in diameter. 1 3 inch 
with a vent of 2 an inch diameter. The fhells being 
made, 


Rr 
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made, and quite dry, fill them with any of the followin 
compoſitions, which muſt be rammed in tight: theſe 
| ball56ns muſt be fired at the vent, and put into a 
bowl of water, Odoriferous works are generally fired 

in rooms. „ Le 


Compoſition I. 


Saltpetre 2 02. flower of ſulphur x oz. camphor 402. 
yellow amber 307. charcoal duſt 302. flower of benjamin, 
or aſſa qoxata, 3 02. all powdered very fine, and well 
mixed. 


Corapoſition II. 
Saltpetre 12 07. meal powder 3 02. frankincenſe i oz. 
myrrh 4 Oz. camphor 1 0z. charcoal 3 oz. all moiſtened 
with the oil of ſpike. 8 


Compoſition III. 
Saltpetre 2 0z. ſulphur 3 oz. antimony o:. amber I oz. 
cedar raſpings 4 O. all mixed with the oil of roſes, and 
a few drops of bergamot. 


Compoſition IV. 


_ Saltp-<tre 4 oz. ſulphur 10 ſaw-dult of juniper 02. 

ſaw-duſt of cypreſs 1 02. camphor 4 oz. .myrrh 2 drams, 
dried roſemary 4 0z. cortex elaterii 4 oz. all moiſtened 
a little with the oil, of roles | 


N. B. Water rockets may be made with any of the 
above compoſitions, with a little alteration, ro make 
chem weaker or ſtronger, accorging to the ſize pf the 


x7 1 
Water Balloons. 

Having made ſome thin paper thells, of what diameter 
you pleaſe, fill ſome with the compoſition for water 
ballöcns, and ſome after this manner, *Havmg made 

„ the 
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the vent of the ſhe'ls pretty large, fill them almoſt full 


with water rockets, marrons, ſquibs, &c. Then put 


in ſome blowing powder, ſufficient to burſt the ſhells, 


and afterwards fix in the vent a -water rocket, long 
enough to reach the bottom of the ſhell, and its neck 
to project a little our of the vent; this rocket muſt be 


open at the end, to fire the powd-r in the ſhell, which 


will burſt the ſhell, and diſperſe the ſmall rockets, &c. 


in the water. When you have well ſecured the large 


rocket in the vent of the ſhell, take a cork float with a 
hole in its middle, which fit over the head of the rocket, 
and faſten it to the ſhell : this float muſt be large enoug 
to keep the balloun above water. | 


| Water Squibs 


Are generally made of 1 07. ſerpent caſes, 7 or 8 inches 


long, filled 2 zus with charge, and the remainder 


bounced. The common method of firing them is, — Take 
a water wheel, with a tin mortar in its centre, which load 
with ſquibs, after the uſual, method ; but the powder in 
the mortar mult be no more than will juſt throw the 


ſquibs out (eaſily into the water): you may place the 


caſes on the wheel, either obliquely, or horizontally; 


and on the top of the Wheel, round the mortar, fix ſix 


caſes of brilliant fire, perpendicular to the wheel : theſe 
caſes muſt be fired at the beginning of the laſt caſe of the 
wheel, and the mortar, at the concluſion of the ſame. 


A Sea Fight with ſmall Ships, and to pre- 
pare a Fire-ſhip for it. f 

Having procured 4 or 5 ſmall ſhips, of 2 or 3 feet in 
length, (or as many as you deſign to fight) make a num- 
ber of ſmall reports, which are to ſerve for guns. Of 
theſe range as many as you pleaſe, on each ſide of the 


upper decks; then at the head and ſtern of each ſhip 
fix a 2 Oz. caſe, 8 inches long, filled with a flow port- 
fire receipt; but take care to place it in ſuch a manner, | 


that 
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that the fire may fall in the water, and. not burn the 
rigging: in theſe caſes bore holes at unequal diſtances 
from one another, but make as many in each caſe, as half 
the number of reports, ſo that one caſe may fire the guns 
on one fide, and the other thoſe on the pee The 
method of firing the guns, is, by carrying a l-ader, from 
the holes in the caſes, to the reports on the decks; you 
muſt make theſe leaders very ſmall, and be careful in 
calculating the burning of the ſlow fire, i in the regulating 
caſes, that more than » guns be not fired at a time. 
When you would have a broadfide given, let a leader be 
carried t. a cracker, placed on the outſide of the ſhip, 
Vhich cracker muſt be tied looſe, or the reports will be too 
ſlow; in all the ſhips put artificial guns at the port holes. 
Having filled, and bored holes, in two port fires, for 
regulating the guns in one ſhip, make all the reſt exactly 
the ſame; then when you begin the engagement, light 
one ſhip firſt, and ſet it a failing, and ſo on with the reſt, 
ſending them out fingly, which will make them fire re- 
gularly, at different times, without confuſion; for the 
| time between the firing of each gun will be equal to 
that of lighting the ſlow fires. ä 
The fire ſhip may be of any ſize, and need not be very 
good, for it is always loſt in the action. To prepare 
a ſhip for this purpote, make a port fire equal in fize 
with them in the other ſhips, and place it at the ſtern; 
in every port place a large port fire, filled with a very 
ſtrong compoſition, and painted in imitation of a gun, 
and let them all be fired at once by a leader from the flow 
fire, within 2 or 3 diameters of its bottom; all along 
both ſides, on the top of the upper deck, lay ſtar com- 
poſition about 3 an inch thick, and 1 broad, which muſt 
be wetted with thin fize, then primed with meal pow- 
der, and ſecured from fire by paſting paper over it; in 
the place where you lay this compoit ion, drive fome 
little tacks with flat heads, to hold it faſt to the deck: 
this muſt be fired juſt after the ſham guns, and when 
burning will ſhew a flame all round the ſhip: at the 
need take up the geek and put in a tin mortar loaded 


! with 


2 
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with crackers, which mortar muſt be fired by a pipe 
from the end of the flow fire; the firing of this mortar 
will fink the ſhip, and make a pretty concluſion. The 
regulating port fire of this ſhip muſt be lighted at the 
ſame time with the firſt fighting ſhip. 

Having prepared all the ſhips for fighting, we ſhall 
next proceed with the management of them, when on 
the water. At one end of the pond, juſt under the ſur- 
face of the water, fix 2 running blocks, at what diſtance 
you chuſe'the ſhips ſhould fight; and at the other end 
of the pond, oppoſite to each of theſe blocks, under the 
water, fix a double block; then on the land, by each of 
the double blocks, place two ſmall windlafles ; round 
one of them turn one end of a ſmall cord, and the other 
end put through one of the blocks; then carry it through 
the ſingle one, at the oppoſite end of the pond, and 
bring it back through the double block again, and 
round the other windlaſs: to this cord, near the double 
block, tie as many ſmall firings, as half the number of 
the ſhips, at what diſtance you think proper ; but theſe 
ſtrings muſt not be more than 2 feet each: the looſe end 
of each make faſt to a ſhip, juſt under her bow-ſprit; 
but if tied to the keel, or too near the water, it will 
overſet the ſhip. Half the ſhips being thus prepared, 
near the other double block fix two more windlaſſes, 
to which faſten a cord, and to it tie the other half of the 
ſhips, as before: when you fire the ſhips, pull in the 
cord, with one of the windlaſſes, to get all the ſhips to- 
ether; and when you have ſet fire to the firſt, turn 
That windlaſs, which draws them out, and ſo on with 
the reſt, till they are all out, in the middle of the pond; 
then by turning the other windlaſs, you will draw them 
back again; by which method you may make them 
change tides, and tack about, backwards and forwards, 
at pleaſure. For the fire-ſhip, fix the blocks and wind- 
laſſes between the others, ſo that when ſhe ſails out, the 


will be between the other ſhips: you muſt not letchis 


ſhip advance, till the guns at her ports take fire. 
To 
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To fire Sky Rockets under Water, 


You muſt have ſtands made as uſual, only the rails 
muſt be placed flat, inſtead of edge ways, and have holes 
in them for the rocket ſticks to go through; for if they 
were hung upon hooks, the motion of the water would 
throw them off: the ſtands being made, if the pond is 

deep enough, fink them at the fides, fo deep, that when 
the rockets are in, their heads may juſt appear-above the- 
ſurface of the water; to the mouth of each rocket fix a 
leader. which put through the hole with the :lick ; then 
A little above the water muſt be a board, ſupported hy 
the ſtand, and placed along 1 fide of the rockets; then 
the ends of the leaders are turned up through holes made 
in this board, exactly oppoſite the rockets. By this means 
you may fire them ſingly, or all at once. Rockets may be 
fired by this method, in the middle of a pond, by a Nep- 
tune, a ſwan, a water wheel, or any thing elſe you chuſe. 


To repreſent Neptune in his Chariot. 


Todo this to perfection, you muſt have a Neptune made 
{of wood, or baſket work) as big as lite, fixed on a float, 
large enough to bear his weight; on which muſt be 
2 horſes heads, and necks, ſo as to ſeem ſwimming, as 
ſhown by Fig. 33. For the wheels of the chariot, there 
muſt be 2 vertical wheels of black fire, and on Neptune's 
head a horizontal wheel, of brilliantfire, with all its caſes, 
to play uf wards. When this wheel is made, cover it 
with paper, or paſteboard, cut and painted like Neptune's 
coronet; then let the trident be made without prongs, 
but inſtead of them, fix 3 caſes of a weak grey charge, 
and on each horſe's head put an 8 0z. caſe of brilliant 
fire, and on the mouth of each fix a ſhort caſe, of the 
ſame diameter, filled with the white flame receipt, enough 
to laſt out all the cafes on the wheels ::theſe ſhort caſes 
muſt be open at bottom, that they may light the brilliant 
Hires ;*66r-the- korſes eyes put ſmall port fires, and in 

1 each 
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each noſtril put a ſmall caſe filled half with grey chargey 
and the reſt with port-fire compoſition. 

if Neptune is to give fire to any building on the wa- 
ter; at his firſt ſetting out, the wheels of the chariot, 
and that on his head, with the white flames on the horſes 
heads, and the port fires in their eyes and noftrils, muſt 
all be lighted at once ; then from the bottom of the 
white flames carry a leader to the trident. As Neptune 
is to advance by the help of a block and cord, you mutt 
manage it fo as not to let him turn about, till the bril- 
ant fires on the horſes, and the trident, begin; for it is 
by the fire from the horſes, (which plays almoſt upright) 
that the, building, or work, 1s lighted ; which mult be 
tbus prepared. From the mouth of the caſe, which is 
to be firſt fired, hang ſome looſe quick- match, to receive 
the fire from the horſes. When Neprune is only to be 
thewn by himſelf, without ſetting fire to any other works; 
Jet the white flames on the horſes be very ſhort, and 
not to laſt longer thin one caſe of each wheel, and let 
2 caſes of each wheel burn at a time. 


Swans and Ducks in Water. 


If you would have the ſwans, or ducks, diſcharge 
rockets into the water, they muſt be made hollow, and 
of paper, and filled with ſmall water rockets, with ſome 
blowing powder, to throw them out ; but if this is not 
done, they may be made of wood, which will laſt many 
times, Having made and painted ſome ſwans, fix them 
on floats; then in the places where their eyes ſhould be, 
| bore holes two inches deep, inclining downwards, and 
wide enough to receive a ſmall port fire; the port fire 

cafes for this purpoſe muſt be made of braſs, 2 inches 
Jong, and filled with a flow bright charge; in the middle 
of one of theſe caſes make a. little hole, then put the 
port fire in the eye hole of the ſwan, leaving about half 
an inch to project out, and in the other eye put ano- 
ther port fire, with a hole made in it; then in the neck 
of the ſwan, within two inches of one of the eyes, 
bore 
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bore a hole ſlantways, to meet that in the port fire; in 
this hole put a leader, and carry it to a water rocket, 
that muſt be fixed under the tail with its mouth upwards; 
on the top of the head place 2 one-ounce caſes, 4 inches 
long each, drove with brilliant fire; one of theſe caſes 
muſt incline forwards, and the other backwards; theſe 
muſt be lighted at the ſame time as the water rocket; 
to do which, bore a hole between them, in the top of 
the fwan's head, down to the hole in the port fire, to which 
carry a leader; if the fwan is filled with rockets, they 
mult be fired by a pipe, from the end of the water rocket 


under the tail. When you fet the fwan a fwimming, 
light the 2 eyes. 


Mater Fire-Fountains, 


To make a fire fountain, you muſt firſt have a float 
made of wood, 3 feet diameter, then in the middle fix 
a round perpendicular poſt, 4 feet high, and 2 inches 
diameter; round this poſt fix 3 circular wheels, made 
of thin wood, without any ſpokes. The largeſt of theſe 
wheels muſt be placed within 2 or 3 inches of the float, 
and muſt be nearly of the ſame diameter. The 2d wheel 
muſt be 2 feet 2 inches diameter, and fixed at 2 feet di- 
ſtance from the firſt. The 3d wheel muſt be 1 foot 
4 inches diameter, and fixed akin 6 inches of the top 
of the poſt: the wheels being fixed, take 18 four or 
8 ounce caſes, of brilliant fire, and place them round the 
firſt wheel, with their mouths outwards, and inclining 
downwards; on the 2d wheel place 13 caſes of the ſame, 
and in the ſame manner, as thoſe on the firſt; on the 
3d place 8 more of theſe caſes, in the ſame manner as 
before, and on the top of the poſt fix a gerbe; then clothe 
all the cafes with leaders, ſo that both they and the 
gerbe may take fire at the ſame time. Before you fire 
this work, try it in the water, to ſez if the float is pro- 
perly made, ſo as to keep the fountain upright. 


SECT 
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SD SECT. VI.—Crackers. 


r ſome cartridge paper into pieces 3 J inches 
broad, and x foot long; 1 edge of each fold down 
lengthwiſe about 3 of an inch broad; then fold the 
double edge down 4 of an inch, and turn the fingle edge 
back half over the double fold; then open it, and Jay 
all along the channel, which is formed by the folding 
of the paper, ſome meal powder; then fold it over and 
over, till all the paper is doubled up, rubbing it down 
every turn ; this done, bend it backwards and forwards, 
2 J inches, or thereabouts, at a time as oft as the paper 
will allow ; then hold all theſe folds flat and cloſe, and 
with a {mall pinching cord give one turn round the mid- 
dle of the cracker, and pinch it cloſe; then bind it with 
pack-thread, as tight as you can; then in the place where it 
was pinched, prime one end of it, and cap it with touch - 
paper. When theſe crackers are fired, they will give a 
report at every turn of the paper: if you would have 
a great number of bounces, you muſt cut the pape 
longer, or join them after they are made; but if they 
are made very long before they are pinched, you muſt 
have a piece of wood with a groove in it, deep enough 
to let in half the cracker: this will hold it ſtraight, while 
it is pinching. Fig. 36. repreſents a cracker complete. 


single Reports. 


Caſes for reports are generally rolled on 1 and 2 0z, 
formers, and ſeldom made larger, but on particular oc- 
cafions; they are made from 2 to 4 inches long, and 
very thick of paper: having rolled a caſe, pinch one end 
quite cloſe, and drive it down; then fill the caſe with 
corn powder, only leaving room to pinch it at top; but 
before you pinch it, put in a piece of paper at top of the 

BE. e powder. 
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powder, Reports are fired by a vent, bored in the mid- | 
dle, or at one end, juſt as required. 195 | — 


Marrons. - 


| Formers for marrons are from 3 of an inch, to 1 x dis- 
meter. Cut the paper for the caſes twice the diameter 
of the former broad, and long enough to go 3 times 
round; when you have rolled a caſe, paſte down the 
edge, and tie one end cloſe; then with the former drive 
it down to take away the wrinkles, and make it flat ar 
bottom; then fill the caſe with corn powder 1 diameter 
and 2 bigh, and fold down the reſt of the caſe tight on _—_— 
the powder. The marron being thus made, wax ſome | 
ſtrong pack-thread with ſhoemakers wax; this thread If 
wind up in a ball, then unwind 2 or 3 yards of it, ane | 
that part which is near the ball, make faſt to a hook; 
then take a marron, and ſtand as far from the hook as 
the pack-thread will reach, and wind it lengthwiſe 
round the marron as cloſe as you can, till it will hold 
no more that way; then turn it and wind the N 
on the ſhort way, then lengthwiſe again, and fo om t 
the paper is all covered; then make faſt the end of the 
pack- thread, and beat down both ends of the MATION, 
to bring it in ſhape. I he method of firing marrons, is 
by making a hole at one end with an awl, and putting 
in a piece of quick-match; then take a piece of ſtrong 
paper, in which wrap up the marron, with 2 leaders, 
which muſt be put down to the vent, and the paper 
tied tight round them with ſmall twine ; theſe leaders are 
bent on each fide, and their looſe ends tied to other 
marrons, and are nailed in the middle to the rail of the 
ſtand, as in Fig. 37. The uſe of winding the pack- 
thread in a ball is, that you may let it out as you want 
it, according to the quantity the marron may require: 
and that it may not be ried f in knots, Which would ſpoil 
mie murron. 


Marron 
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Marron Batterics, 


If well managed, will keep time to a march, or a flow 
2 of muſic. Marron batteries are made of ſeveral 
ſtands, with a number of croſs rails, for the marrons, 
which are regulated by leaders, by cutting them of dif- 


ferent lengths, and nailing them tight, or looſe. accord- 
ing to the time of the muſic. In marron batteries you 


muſt uſe the large and ſmall marrons, and the nails for 
the pipes muſt have flat heads. | 


Line Wacker 


Are made and drove as the ſky rockets, but have no 
heads; and the caſes muſt be cut cloſe to the clay; they 


are ſometimes made with 6 or 7 changes, but in general 


not more than 4 or 5: the method of managing thoſe 
rockets is,—Firſt, have a piece of light wood, the length 
of 1 of the rockets; turned round about 2 I inches dia- 
meter, with a hole through the middle lengthwiſe, large 
enough for the line to go eaſily through: if you defign 
4 changes, have 4 grooves cut in the kwivel, one oppotite 
the other, to lay the rockets in. 


The mouths of the rockets 8 rabbed whh wet 


meal powder, lay them in the grooves, head to tail, 
and tie them faſt; from the tail of the firſt rocket carry 


a leader to the mouth of the ſecond, and from the ſecond 
to the third, and ſo on to as many as there are on the 
ſwivel, making every leader very ſecure; but in fixing 


theſe pipes, take care that the quick-match does not 
enter the bores of the rockets : the rockets being fixed 
on the ſwivel, and ready to be fired, have a line 100 yards 


long, ſtretched and fixed up right, at any height from 


the ground; but be ſure to place it horizontal: this length 
of line will do for + lb. rockets; but, if larger, the Tine 
muſt be longer : before you put up the line, put one 
end of it through the ſwivel, and when you fire the line 
rocket, let the mouth of that rocket which you fire firſt, 


face that end of the line Where you ſtand; then the firſt 
rocket 


| 
5 
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rocket will carry the reſt to the other end of the line, and 


the ſecond will bring them back, and ſo they will run 
out and in according to the number of rockets: at each 
end of the line, there muſt be a piece of flat wood, for 
the rocket to ſtrike againſt, or its force will cut the line. 


Let the line be well ſoaped, and the Dole in the ty iv eb 
vey ſmooth. 


IP: - 14. 5 


Different Decorations Toe Line Rockets.” 2 


| To line rockets may be fixed great varie: SA ſach as 


fly ing dragons, mercuries, ſhips, &c. Or they may be. 


made to, run on the line like a wheel, * hich 1 is done in 
this manner. Have a flat ſwivel, made very exact; and. 


on it tie two rockets obliquely, one on each ſide, which” 


will make it turn round all the way it goes, and form a, 
circle of fire; the charge for theſe rockets ſhould be a 


little weaker than common; if you would ſhew 2 dra- 
gons fighting, get 2 ſwivels made ſquare, and on each 
tie 3 rockets together, on the under ſide ; then have 2 fly. 
ing dragons, made of tin, and fix one of them on the top. 
of each iwiyel, lo 25 to ſtand upright ; in the mouth of 
each dragon put a ſmall caſe of common fire, and ano- 


ther at the end of the tail; you may put 2 or 3 port fires, 
of ® ſtrong charge, on i fide of their bodies, to ſhew 
them. This done, put them on the line, one at each 
end; but let there be a ſwivel in the middle of the line, 


to keep the dragons from ſtriking together: before you 
fire the rockets light the caſes on the dragons, and if care 
be taken in firing both at the ſame time, they will meet 


in the middle of the line, and ſeem to fight. Then they 


will run back, and return with great violence; which will 
have a very Pleafing effect. hs line for thoty rockets. 
muſt be very” long, or they will ri! ke too hard ener | 


4 8 1. 


: Chineſe F Iyers. 


Cafes for al ers may be made of different fizes, from 


to $ ounces: they muſt be made thick of paper, and 


interior diameters long; they are rolled 1 in the ſame 
manner 


= 
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manner as tourbillons, with a ſtraight paſted. edge, and 
pinc hed cloſe at one end. The method of filing them 18, 

the caſe being put in a mand; whoſe cylinder, dr foot, 
muſt be flat at top without a nipple, fill it within g a dia- 
meter of the middle; then ram in 4 a diameter of clay, 
on that as much compoſition . as before, on which drive 


I a diameter of clay; then pinch the caſe cloſe, and drive 
it down flat; after this is done, bore a hole exactly through 
the centre of the clay in the middle; then in the oppo- 


fite ſides at both ends make a vent, and in that ſide you 


intend to fire firſt make a ſalt .hole to the compoſition 


near the clay in the middle, from which carry à quick 
match, covered with a fi le paper, to the vent at the other 
end; then When the charge is burnt on one fide, it will, by 
means of the quick match, communicate to the charge in 


the other, (which may be of a different ſoft). The Ayers 


being thus made, put an iron pin, that muſt be fixed in the 
work n which they are to be fired, and on which they are 
to run: through the hole it the middle, on the eng of this 


pin, muſt be a nut to keep the flyer from running off, If 


you would hive them turn back again afterthey are burnt, 
make both the vents at the ends on the ſame lide, which 


will alter 1 its courie the contrary Way. 


' rot FO IeD 4 * 
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Are defigned Land to ſhew the truth of fairing, aba 
the judgement of a fire wor her, they having no other 
effect, when fired, than {pinning round, in the ſame place 
where then begin, til} they are burnt out, and anne 


nothing more than an horizontal circle of fire. 
The method of making thefe rockets is Have a cone 


turned ont of hard wood, 2 4 inches diameter, and as 
much high; round the baſe of it draw a line ; on this 


line fix 4 ſpokes, 2 inches long each, fo as to ſtand one 


oppoſite the other; then fill 4 Aine- ach lb. caſes, with 
any ſtrong compoſition, within 2 inches of the top: theſe 
caſes are made like tourbillons, and muſt be rammed 


with the greateſt exactneſs. 
Your rockets being filled, fix their open ends on 


the ſhort ſpokes ; then in the fide of each caſe bore a 
hole 


Ad LY mM yo wo We oF 
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from theſe” vents carry leaders to the top of the cone, 
and tie them together. When you would fire the rockets, 


ſet them on a \moorh table, and light the leaders in the 


middle, and all the cafes will fire rogether (lee Fig. 38. ) 
and ſpin on the point of the cone, 

| Theſe rockets may be made to riſe like tourbillons, 
by making the caſes ſhorter, and boring 4 tioles in the 
under ſide of each at equal diſtances: this being done, 


they ate called Double Tourbillons. 


Note, all the vents in the under fide of he caſts muſt 


be lighted at once ; and'the ſharp point of the cone cut 


off, at which place make it ſpherical. 


To. make Wheels and other Works 


incombuſtible. 


It being neceſlary, when your works are new, to paint 


them of ſome dark colour; therefore, if inſtead of which, 
you make uſe of the following compoſition, it will give 
them a good colour, and in a great meaſure prevent 
their taking fire ſo ſoon as if painted. Take brick duſt, 


coal aſhes, Und | iron filings, of each an equal quantity, 
and mix them with a double ſize, made hot. With this 


waſh over your works, and when dry waſh them over 
again; this will preſerve the wood greatly againſt fire. 


Let che brick - duſt and aſhes be beat to a. fine powder. 


A, Single Vertical Wheels. 
There are different ſorts of vertical w heels, ſome hav- 
ing their fells of a circular form, others of an hexagon, 
octagon, or decagon form, or any number of ſides, ac- 


cording to the length of the caſes you deſign tor the 
wheel : your ſpokes being fixed in the nave, - nail flips 


of tin, with their edges turned up, ſo as to form grooves 
for the cafes to lie in, from the end of one ſpoke to another; ; 


then tie your, caſes in the grooves, head to tail, in the 
H 2 ſame 


hole near the 075 all theſe holes, or — muſt be 
ſo made that the' fire of each caſe f may act the Mine way; 
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lame. manner as thoſe on the horizontal water wheel, ſs 


that the caſes ſucceſſively taking fire from one another, 


will keep the wheel in an equal rotation. Two of theſe 
wheels are very oft fired together, one on each ſide of a 
building, and both lighted at the ſame time, and all the 
caſes filled alike, to make them keep time together, 
which they will do if made by the following. direc ions. 
In all the caſes of both wheels, except the firſt, on each 
wheel, drive 2 or 3 ladles full of flow fire, in. any part 
of the caſes; but be careful to ram the ſame quantity. in 
each caſe, and in the end of one of the cafes, on each 
wheel, you may ram 1 ladle full of dead fire compoſition, 
which muſt be very lightly drove ; you may alſo mak 8 
many changes of fire, by this method. 

Let the hole in the nave of the wheel be lined with 
braſs, and made to turn on a fmooth iron, ſpindle. On 


the end of this ſpindle let there be a nut, to ſcrew off and 


on; when you have put the wheel en the ſpindle, ſcrew 
on the nut, which will keep the wheel from flying off. 
Let the mouth of the firſt caſe be a little raifed. See 
fig. 39. Vertical wheels are made from 10 inches to 
3 feet diameter, and the fize of the caſes muſt differ 


accordingly ; 4 oz. caſes will do for wheels of 14 or 


16 inches diameter, which is the proportion generally 


uſed. The beſt wood for wheels of all forts, is a light 
and dry beech. 


Horizontal Wheels 
Are beſt when their fells are made circular; in the 
middle of the top of the nave muſt be a pintle, turned 
out of the ſame piece as the nave, 2 inches, long, and 


equal in diameter to the bore of 1 of the cafes of the Wheel: 
there muſt be a hole bored up the centre of the nave, 


withia J an inch of the top of the pintle. The wheel 


being made, nail at the en} of each ſpoke (of which 
there ſhould be 6 or 8) a piece of wood, with a groove 
cut in it to receive the caſe. Theſe pieces fix in ſuch: æ 
manner, that half the cales v may incline upwards, and, 


bal 
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half downwards, an! that when they are tied on, their 
heads and tails may come very near together: from the 


tail of one caſe to the mouth of the other carry a leader, 


which ſecure with paſted paper. Befides theſe pipes, 
it will be neceſſary to put a Intle meal, powder inſide 
the paſted paper, to blow off the Pipe, that there may be 
no obſtruction to the fire, ſrom the caſes: By means of 
theſe pipes, the caſes will ſucceſſively take, burning one 
upwards, and the other downwards. On the pintle fix 
a caſe of the ſame fort as thoſe on the wheel ; this caſe 
muſt be fired by a leader, from the mouth of the laſt caſe 
on the wheel, which caſe muſt play downwards: inſtead 
of a common caſe in the middle, you may put a caſe of 
| Chineſe fire, long enough to burn as long as 2 or 3 of 
the caſes on the wheel. 

Horizontal wheels are oft fired 2 at a tine * made 
to keep time, like vertical wheels; only they are made 
without any ſlow or dead fire; 10 or 12 inches will be 
enough for the diameter of wheels with 6 ſpokes. Fig. 
40. repreſents 2 wheel on fire, with the firſt caſe burning. 


Spirali Wheels - 


Are only double horizontal wheels, and made. thus: 
The naye mu:t be about 6 inches long, and ſomewhat 
thicker than the fingle fort; inſtead of "the pintle at top, 
make a hole for the caſe to be fixed in; and 2 ſets of ſpokes, 
one {et near the top of the nave, and the other near the 
bottom. At the end of each ſpoke cut a groove, wherein 
you tie the caſes, there being no fell;. the ſpokes ſhould 
not be more than 2 3 inches long each from the nave, 
ſo that the wheel may not be more than 8 or 9 inches 
diameter; the caſe; are placed in ſuch a manner, that 


thoſe at top Play down, and thoſe at bottom play up, 


but let the 3d or 4th caſe play horizontally. he cafe 
in the middle may begin with any of the others, you 
pleaſe: 6 ſpokes wil be enough fot each ſet, ſo that the 


wheel may conſiſt of 12 caſes, beſides chat on tne top: 


H 2: 2 0 715129 e 


the ceaſes 6 inches each. 
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WEN Plural Wheels 


Are mage to turn horizontally, and to conſiſt of 3 ſets 
of ſpokes, placed 6 at cop, © at bottom, and 4 in the mids 
ale, which, muſt be.a little ſhorter than the reſt : let the 
Mapper af the wheel be 10 inches ; the caſes muſt be 

tied on the ends of the ſpokes, in grooves cut on purpoſe, 
or in pieces of wood nailed on the ends of the ſpokes, 
with grooves, cut in them as uſual: in clothing theſe 


* heels make the upper ſer of caſes play obliquely 


downwards, and them at bottom obliquely upwards, 
and them in the middle horizontally. In placing the 
leaders, you. must order it ſo that the caſes may burn 
thus, viz. first up, then down, then horizontal, and ſo 


on With the reſt; bes another change may be made, by 


driving in the end of the eighth; caſe, 2 or 3 la zes full 


of ſlaw fire, to burn till the 89 56 has ſtopped irs courſe; 


then let the other caſes be fixed the. contrary, way, which 
will make, the wheel run back again : for the cafe at 
top you may put a ſi nall gerbe; and let the caſes on the 
ſpokes be ſhort, and filled with a feng brilliant charge. 


Illuminated Spiral Wheel." 


Firſt ; CY a circular horizontal wheel, made 2 feet 


diameter, with a hole quite through the nave; then take 


thin pieces of deal, 3 feet long each, and J of an inch 
road each: one end of each of theſe pieces nail to the fell 
of the wheel, at an equal diſtance from one another, And 


the other end nail to a block with a hole in its bottom, 


which muſt be perpendicular with that in the block of the 


wheel, but not ſo large. The wheel being thus made, 


have a hoop planed down very thin and flat; then nail one 


end of it to the fell of the w jel, and wind it round the 


3 ſticks in a ſpiral line, from the Wheel to the block at top: 
on the top of this block fix a caſe of Chineſe fire; on the 
wheel you may place any bumber of cafes, which muſt 


incline downwards, and burn 2 at a time. If the wheel 


ſhould conſiſt of 10 caſes, you may let the illuminations 


and 
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and Chineſe fire begin with the ſecond caſes. The ſpindle 
for this wheel muſt be a little longer than che chile and 


made very ſmooth at top, 'on which the upper block is 
to turn, and the whole weight of the . to reſt, 


f 
oF 


Double spiral Wheel. 


"Ws how heel the block, or nave, muſt he's as long 
as the height of the worms, or ſpiral lines, but muft 


be made very thin, and as light as poſſible. In this 


block muſt be fixed ſeveral ſpokes, which muſt diminiſh 
in length, from the wheel to the top, ſo as not td exceed 
the ſurface of a cone of the ſame height. To the ends 
of theſe ſpokes nail the worms, which muſt crofs each 
other ſeveral times: theſe worms clothe with illumina- 
tions, the ſame as thoſe; on the ſingle wheels; but the 


horizontal wheel you may clothe as you like. At top 
of the worm place a caſe of {pur-fire, or an amber light. 
See Fig. 42. This figure is ſhewn withdue © indem to 


prevent a Confulton: of: lines. 


„ Balldon: Wheels 


Are made to turn horizontally: they muſt be made 
2 feet diameter, without any ſpokes, and very firong, 


with any number of fades, On the top of a wheel range 


and fix tin pots, 3 inches diameter, and. ) inches high 
each, as many of theſe as there are caſes on the whee] ; 
near the re of each pot make a fmall vent; into FAA 
of theſe vents carry a leader from the tail of each cet 
ſome of the pots load with ors, and ſome with "ods 
crackers., &c. As the wheels turn, the pots will fuc- 


ceſſively be bred, and throw into the air a great variety 


of fires. FF 


5 UE Wheels, 


Firſt have 3 xnave made inches long, #2 2 in diame- 
der: near the bottom of this! nave fix 8 (pokes, with a 
H 4 hd. 
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hole in, the end of cach, large enough to receive A 2-0r 
4 ounce caſe: each of theſe ſpokes may be 14 inches 
long from the block. Near the top of this block fix 
8 more of the ſame ſpokes, exactly over the others, but 
not ſo long by 2 inches. As this wheel is to run horizon- 
tally, all the caſes in the ſpokes at top mult play obliquely 
upwards, and all them in the ſpokes at bottom obliquely 
downwards. This being done, have a ſmall horizontal 
wheel made with 8 ſpokes, each 5 inches long from the 
block: on the top of this wheel place a caſe of brilliant 
fire: all the caſes on this wheel muſt play in an oblique 
direction downwards, and burn 2 at a time, and thc ſe 
on the large wheel 4 at a time; that is, 2 of thoſe in the 
top ſet of ſpokes, and 2 of them in the bottom ſet of 
ſpokes. | 
The 4 firſt caſes on the large wheel, and the 2 firſt 

on the ſmall, muſt be fired at the ſame time, and the 
brilliant fire at top, at the beginning of the laſt caſes. 
The caſes of the wheels may be filled with a grey charge. 
When theſe wheels are completed, you muſt have a ſtrong 
iron ſpindle, made 4 feet 6 long, and fixed perpendi- 
cular on the top of 4 ſtand : on this put the large Wheel, 
whoſe nave muſt have a hole quite through trom the bot. 
tom to the top. This hole muſt be large enough to turn 
caſy round the bottom of the ſpindle, at which place 

there muſt be a ſhoulder, to keep the wheel from touch- 
ing the ſtand: at the top of the ſpindle -put the ſmall 
wheel, and join it to a large one with a leader, in order 
to fire them both together. | 


Port- Fires for Illuminations. 


Have their caſes made very thin of paper, and rolled 
on formers, from 2 to 5; Sths of an inch diameter, and 
are made from 2 to 6 inches long: they are pinched cloſe 
at one end, and left open at the other: when you fill them, 
put in but a little compoſition at a time, and ram it in 
lightly, ſo as not to break the caſe: 3 or 4 rounds of pa- 
per, with the laſt round palicd, will be ſtrong enough 
for theſe caſes, | Common 
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Common Port- Fires 


Are Intended [purpoſely to fire the works, their fie 
being very flow, and the heat of the flame ſo intenſe, 


immediately. Part fires may be made of any length, but 


are ſeldom made more than 21 inches long: the interior 


diameter of port-fire moulds ſhould be io 16ths of an 


inch, and the diameter of the former, I an inch. The 


caſes muſt be rolled wet with paſte, and one end pinched, 
or folded down. The moulds ſhould be made of braſs, 


and to take in 2 pieces lengthwiſe; then, when the 
caſe is in the 2 ſides, they are held together by braſs rings, 


or hoops, which are made to fit over the outſide. The 


bore of the mould muſt not be made quite through, fo 
that there will be no occaſion for a foot. Thoſe port 
fires, when uſed, are held in copper ſockets, fixed on the 


end of a long Kick: theſe ſockets are made like port 


| crayons, only with a ſcrew, inſtead of a ring. 


_ Caſcades oy, Fire 


Are ads of any ſize; but one made according to the 
dimenſions of that ſhewn in Plate 4. Fig. 43. will be 
large enough for 8 oz caſes. Let the diſtance from A 

to B, be 3 feet; from B to C, 2 feet 6 inches; and from 
C D, 2 feet; and let the croſs piece at A, be 4 feet long; 
then from each end of this piece, draw a line to D; then 


make the other croſs pieces ſo long as to come within 
| thoſe lines. The top piece P, may be of any length ſo | 
as to hold the cafes, at a little diſtance from each other ; * 
all the croſs pieces are fixed horizontally, and ſupported 


by brackets; the bottom croſs piece ſhould be about 
1 foot 6 Sackes broad in the middle, the ſecond i foot, 
the third 9 inches, and the top piece 4 inches: the caſes 
may be made of any length, but muſt be filled with a bril- 


liant charge. On the edges of the crofs pieces muſt be 
nailed bits of wood, N. ha a groove cut in cach 125 large 


enough 


1 if applied to rockets, leaders, &c. it will fire them 
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enough for a caſe to lie in. Theſe bits of wood are fixed - 
ſo as to incline downwards, and that the fire. from one 
tier of cafes may play over the other: All the cafes, being 

tied faſt on, carry leaders from one to the other, and — 
there be a pipe hang from the mouth of one of the caſes, 


covered at the end with a N Pos Ante you. burn 
tore EINE. tn 412 
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10 W a fire. tree, as ſhewn by Fig. 44. vou mu 
firſt have a piece of wo. d 6 feet long, and ; inches ſquare; 
then at E, 9 inches from the top, make a hole in the 
front, and.; in each fide; or, inſtead of holes, you may fix 
ſhort pegs, to fit the inſide of the caſes. At F, 9 inches 
from E, fix 3 more pegs; at G, 1 foot 9 inches from F, 
fix 3 pegs; at H, 9 inches from G, fix 3 pegs; at I, 9 in- 
ches from H, fix 3 pegs, inclining downwards; but all 
the other pegs muſt incline upwards, that the caſes may 
have the ſame inclination as you fee in the figure: then 
at top place a 4-inch mortar, loaded with ſtars, rains, or 
crackers. In the middle of this mortar place a caſe filled 
with any ſort of charge, but let it be fired with' the 
other caſes: a. brilliant charge will do for all the caſes ; 
but the mortar may be made of any diameter. and the 
tree of any fize ; and on it any number of "oak, Provided 
they are r in the manner deſcribed. 


Chineſe Fountains. 


To * a Chineſe fountain, you muſt have a perpen- 
dicular piece of wood, 7 feet long, and 2 4 inches ſquare. 
10 inches from the top, fix on the front a croſs: piece 
1 inch thick, and ©4 broad, with the broad ſide up: 
below this, fix 3 more pieces, of the ſame width and 
thickneſs, at 16 inches each other : let. the bottom 
rail be 5 feet long, and the others of ſuch a length as to 
allow the fire pumps to ſtand in the middle of the inter- 
vals of each other. The pyramid being thus made, fix 

in the holes made 1 in the bottom rail, 5 fire pumps, at 
n 
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eq diſtances”: on the 2d rail place 4 pumps; on the 


„3; on the th, 2; and on the top of the poſt, 1: but 
daes them all to ie à little enen that, when 
they throw out the (lars, they may not ſtrike againſt the 
croſs rails. Having fixed your fire pumps, clothe them 


with 1 ſo that they may All be "nod N 


See Fig. 45. 


of Illuminated Globes Wich Horizontal 
ws Wheels. 5 


1. The © body for theſe globes wih he wade of wood, 

tin, or iron wire, about 2 feet diameter. For a ſingle 
globe take 2 hoops, and tie them together, one within 
the other, at right angles; then have a horizontal wheel 
made, whoſe diameter muſt be a little wider than the 
globe, and its nave 6 inches long, on the top of which 
the globe is fixed, ſo as to ſtand 3 or 4 inches from 
the eld on this wheel you may put any number of 
caſes, filled with what charge you like; but let 2 of them 
burn ata time: they may Bo placed horizontally, or to 
incline downwards, juſt as you chuſe. Now, when the 


heel is clothed, fix on the hoops as many illuminations 


as will ſtand within 2 £ inches of each other: theſe you 
faften on the hoops with ſmall iron binding wire; and 
when they are all on, put on your pipes of communica- 
tion, which muſt be ſo managed, as to light them all with 
the 2d or 3d caſe on the wheel. The fpindle on which 
rhe globe is ro run muſt go through the block of the 
heel, up. to the inside of the top "of the globe, where 
muſt be fixed a bit of braſs, or iron, with a hole in 
it to ſeceive the point of the ſpindle, on which thc 
whole weight 'of the wheel is to bear, as in Fig. 46. 
which repreſents'a ptobe on its ſpindle. By this method 
may be made a crown, which is dong by having the 
hoops bent; in the form of a crown. Sometimes globes 
and crowns ate ordered ſo as to ſtand ſtill. and the 
wheel only to turn round; but when you would 
have the globe or crown to Wand till, and the wheel 


to 
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to run by itſelf, the block of the wheel muſt not be ſo 


„nor the ſpindle any longer than to juſt raiſe the 
8 a little above the wheel; and che wheel FORE and 
ann muſt e together. V 


. Wee 


So called becauſe it nearly repreſents a fwetve-ſided 
figure, and is made thus. Firſt have a ball turned out of 


ſome hard wood, 14 inches diameter: hen done, divide 
its ſurface into 14 equal parts, from which bore holes 


1 J inch diameter, perpendicular to the centre, ſo that 
they may all meet in the middle: then let there be turned 
in the inſide of each hole a female ſcrew ; and to all the 
holes, but one, muſt be made a round ſpoke. 5 feet long, 
with 4 inches of the ſcrew at one end, to fit the holes; 
then | in the ſcrew end of all the ſpokes bore a hole, 5 inches 

up, which muſt be bored flanting, ſo as to come out at 


one fide, a little above the forow-: from which cut a 


ſmall groove along the ſpoke, within 6 inches of the 
other end, where you make another hole through to the 
other fide of the ſpoke: in this end fix a ſpindle, on 
which put a ſmall wheel, of 3 or 4 ſides, each fide 6 or 
7 inches long: theſe fides muſt have grooves cut in them, 
large enough to receive a 2 or 4.02. caſe: when theſe 


wheels are clothed, put them on the ſpindles, and at the 


end of each ſpindle put a nut to keep the wheel from 
falling off: the wheels being thus fixed, carry a pipe 
from the mouth of the firſt cate on each wheel, thro” the 
hole in the fide of the ſpoke, and from thence along the 
groove, and through t * other hole, ſo as to hang out at 
the ſcrew end about an inch. The ſpokes being all pre- 
pared in this manner, you. mult — 5 a poſt, on which 


you intend to fire the work, with an iron ſcrew in the 


top of it, to fit one of the holes in the ball: on this ſcrew 
fix the ball; then in the top hole of the ball put a little 
meal powder, and ſome looſe quick-match; then ſcrew 
in all the ſpokes, and in one ſide of the ball bore a hole, 
in which put a leader, and ſecure it at the end; and your 
work will be ready to be fired, By this leader the pow- 
der 


der and match in the centre. is fired, which will. light 
the match at the ends of the ſpokes all at once, where- 
by all the wheels will be lighted at once. There may 
be an addition to this, piece, by fixing a ſmall . globe 


on each wheel, or 1 on the top wheel only. A grey 1 85 


6 


Ihe Yew Tree of Brilliant Fire 


Is repreſented by Fig. 47. as it appears when burning. 


Firſt, let A be an upright piece of wood, 4 feet long, 
2 inches broad, and: 1 thick': at top of this piece, on the 
flat fide, fix a hoop, 14 inches diameter; and round its 
edge and front place illuminations; and in the centre a 
z-pointed ſtar; then at E, which is 1 4 foot from the 
edge of the hoop, place 2 caſes of brilliant fire, i ou 
each ſide: theſe caſes ſhould be 1 foot long each: below 
theſe fix 2 more caſes of the fame ſize, and at ſuch a di- 


ſtance, that their mouths may almoſt meet them at top: 


then, cloſe to the ends of theſe cafes, fix 2 more of 
the ſame caſes; they muſt ſtand parallel to them at E. 
The caſes being thus fixed, clothe them with leaders; fo 
that they, with the illuminations and ſtar at top, may all 
take fire together. 1 . 


Stars with Points for Regulated Pieces, &c. 
Ih beſe ſtars are made of different ſizes, according to 
the Work for which they are intended: they are made 


with caſes from 107. to Ilb. but in general with 4 oz.” 


caſes, 4 or 5 inches lone: the cafes muſt be rolled with 
paſte; and twice as thick of paper as a rocket of the fame 
bore. Having rolled a cafe, pinch one end of it quite 
cloſe ; then drive in I a diameter of clay, and when the 


caſe is dry, fill it with compolition, 2 or 3 inches, to 
the length of the caſes, with which it is to burn: at top. 
of the charge drive ſome clay; as the ends of thefe caſes 
are feldom punched, they would be liable ro take fire; 
Having filled a caſe, divide the circumference of it at the 


pmched end cloſe to the clay into 5 equal parts; them 
| mo bore 
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Fixed Sun with a Tranſparent Face.” - 
CCC dad $x8:-.c05% 42461 
Io make a ſun of the beſt fort there. thoyld: be 2 rows 


of caſes, as in Fig. 48, which will ſhew a, double glory, 
and make the rays ſtrong and full. be frame, or ſun 
wheel, muſt be made thus: Have a circular flat nave 
made very ſtrong, 12 inches diameter: to this fix 6 ſtrong 
flat ſpokes, A, B, C, D, E, F. On the front of 045 
fix a, circular fell, 5 feet diameter; within, which fix 
another fell. the length of one of the ſun caſes leſs in dia- 
meter; within this fix a zd fell, whoſe diameter muſt be 
leſs than the 2d, by the length of 1 eaſe and 1 3d. The 
wheel being made, divide the fells into ſo. many equal 
parts as you would have caſes (which may be done from 
24 to 44): at each diviſion fix a flat iron ſtaple: theſe, 
ſtaples muft be made to fit the caſes, to hold them faſt 
on the wheel: let the ſtaples be ſo placed, that one 
row. .of. caſes may lie in the middle of the intervals of 
/// nnd ot ĩᷣͤ mort 25105. ty 
In the centre or the block of the ſun drive a ſpindle, 
on which put a ſmall hexagon wheel, whole, caſes 
muſt be filled with the {ame charge as the caſes of 
the ſun: 2 caſes of this wheel muſt burn at a time, 
and begin with them on the fells. Having fixed on 
all the caſes, carry pipes of communication from one 
to the other, as you ſee in the figure, and from one ſide of 
the ſun to the wheel in the middle, and from thence to 
the other ſide of the ſun. Theſe leaders will hold the 
wheel ſteady while the ſun is fixing up, aud will A 
| | be 
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' by a ſure method of lighting both caſes of the wheel to- 
gether. A ſun thus made is called a Brilliant ſun, becauſe · 
the wood work is intirety covered with fire from the 
wheel in the middle, ſo that there appears nothing but 


ſparks of brilliant fire: but, if you would have a Tranſ- 


parent face in the centre, you muſt have one made of 
paſteboard, of any ze. The method of making a face is, 
by cutting out the eyes, noſe, and mouth, for the ſparks of 
the wheel to appear through; but, inſtead of this" face, 
you may have one paintede on oiled paper, of Perſian filk, 


ſtrained tight om a hoop; which hoop muſt be ſupported 


| by 3 or 4 + pieces of wire.” at 6 inches diſtance from the 
Wheel in the centre, fo that the light of it may Murmnate 


the face. By this method you may have, in the front of 


a ſun, VivaT K Ex, cut in paſteboard, or Apollo Painted 
on filk; but, for a ſmall collection, a ſun with a fingle 
glory, and a wheel in front, will be moſt ſuitable. J Ib. 


caſes, filled 10 inches with compoſition, will be a good | 
ſize for a ſun of: 5 feet diameter; but, if larger, the caſes | 


muſt be greater in Prppornon. 


Three Vertical Wheels Hfowingred, which 
turn on their.o own Naves upon. a Hori- 


Zontal T ab! le. 


* \ ; 4; ! 4 


A plan of this is ſhown ty Fig. 4% 12 Dbe i deal 


table 3 feet & diameter: this table muſt be fixed hori- 


z0ntally on che top of a poſt; on this poſt ruſt be à per- 

pendicular iren ſpindle, which mu't come through the 
centre of the table: then let A, B, C, be 3 ſpokes joined 
to a triangular flat piece of wood, in the middle of which 
make a hole to fir ealily over tbe ſpindle: let E, F, G, 


be pieces of wood, 4 or 5 inches long each, and 


2 1 ſquare, fixed on the under fides of the ſpokes; 
in theſe pieces make holes lengthwiſe to receive the thin 


part of the bloces of the wheels, which, when in, are 
prevented from coming out by a {mall iron pin being run 
through the end of each. . L, M, are 3 eren oct i gon 


wheels, 


— 
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wheels, 18 inches diameter each: the blocks of theſe wheels 
mult be long enough for; or 4 inches to reſt on the table ; 3: 
round which, part drive a number of ſharp points of wire, 
which muſt not project out of the blocks more than 
1 16th of an inch: the uſe of theſe points is, that, when 
the blocs run round, they will ſtick in the table, and 
help the wheels forward: if the naves are made of ſtrong 
wood, one inch will be enough for the diameter of the 
thin part, which ſhould be made to turn eaſy in the holes 
in the pieces E, F, G. On the front of the wheels make 
4 or 5 circles of. ſtrong wire, or flat hoops, and tie on 
them as many illuminations as they will hold at 2 inches 
from each other: inſtead of circles, you may make ſpiral, 
lines, clothed with illuminations, at the fame diſtance. 
from each other as thoſe on the hoops. When illumina- 
tions are fixed on a ſpiral line in the front of a wheel, 
they muſt be placed a little on the ſlant, the contrary way 
thas the wheel runs: the caſes for theſe wheels may be 
filled with any coloured charge, but muſt burn only « one 
at a time. 

The wheels being thus prepared. you E "tag a 
globe, crown, or ſpiral wheel, to put on the fpindle 1 in 
te middle of the table: this ſpindle ſhould be juſt long 

enough to faiſe'the wheel of the globe, crown; or ſpiral 

wheel, ſo high that its fire may play, over the 3 vertical 

wheels: by this means their fires will not be *confuled, 
nor will the wheels receive any damage from the fire 
of each other. In clothing this work, let the leaders 
be ſo managed, that all the wheels may light together, 
and the illuminations after 2 caſes of cach wheel are 
burnt. e 


Illuminated Chandelicr. 


od works are SHY admired by the 8 
and indeed are a great addition to a collection of works: 
in a grand exhibition an illuminated piece ſhould be fired 
after every 2 or 3 wheels, or fixed pieces of common and 
brilliant fires; and likewiſe illuminated works may be 
made chea; p, quick, and eaſy. 


10 
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To make an illuminated chandelier, you muſt firſt have 
one made of thin wood. See Fig. 30. The chandelier 
being made, bore in the front of the branches, and in 
the body, and alſo in the crown at top, as many holes for 
illuminations as they will contain, at 3 inches diſtance 
from each other: in theſe holes put illuminations filled with 
white, blue, or brilliant charge. Having fixed in che 
port fires, clothe them with leaders, ſo that the chande- 
lier and crown may light together. The ſmall circles 
on this figure repreſent the mouths of the illuminations, 
which muſt project ſtrait from the front. 


Illuminated Yew-Tree. 


Firſt have a tree made of wood, ſuch as is ſhewn 
by Fig. 51+ The middle piece, or ſtem, on which the 
branches are fixed, muſt be 8 feet 6 inches high: at the 
bottom of this piece draw a line, at right angles, 2 feet 
6 inches long at each fide; then from L, which is 1 foot 
6 inches from the bottom, draw a line on each fide to 
C and D: theſe lines will give the length of the 2 firſt bran- 
ches. Then put on the 2 top branches parallel to them 
at bottom: let the length of each of theſe branches be 1 foot 
from the ſtem: from the ends of theſe 2 branches draw a 
line to C and D: then fix on 5 more branches at an = 
diſtance from each other, and their length will be deter- 
mined by the lines à C and E D. When the branches 
are fixed, place illuminating port fires on the top of each, 
as many as you chuſe: behind the top of the ſtem faſten a 
gerbe, or white fountain, which muſt be fired at the 
Wein of the illuminations on the tree. 


Flaming Stars with Brilliant Wheels. 


To make a flaming ſtar, you muſt firſt have made a 
circular piece of ſtrong wood abour 1 inch thick and 
2 feet diameter: round this block fix » points, 2 feet © in- 
ches long each; 4 of theſe points muſt be ſtraight, and 4 
flaming: "theſe points being joined on very ſtrong, * 

| | with 
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with the ſarface of the block, nail tin or paſteboard 
on their edges, from the block to the end of each, 
where they muſt be joined: this tin muft project in front 
$ inches, and be joined where they meet at the block ; 
round the front of the block fix 4 pieces of thick iron 
wire, 8 inches long each, equally diftant from each 
. Other : this being done, cut a piece of paſteboard round, 
2 feet diameter, and draw on it a ſtar, as may be ſeen 
in Fig. 52. This ſtar cut out, and on the back of it 
' paſte oiled paper; then paint each point half red, and 
half yellow, lengthwiſe; but the body of the ſtar muſt 
be left open, wherein muſt run a brilliant wheel, made 
thus: Have à light block turned g inches long; at each 
end of it fix 6 ſpokes ; at the end of each ſpoke put a 
2 oz. caſe of brilliant fire: the length of theſe caſes muſt 
be in proportion to the wheel, and the diameter of the 
wheel when the caſes are on muſt be a little leſs than the 
diameter of the body of the ſmall ſtar: the caſes on the 
 Tpokes in front muſt have their mouths incline outwards, 
and them on the inſide ſpokes muſt be placed fo as to 
form a vertical circle of fire. When you place your 
leaders, carry the firſt pipe from the tail of t of the caſes 
in front to the mouth of 1 of the infide caſes, and from 
the tail of that to another in front, and fo on to all the 
caſes: Your wheel being made, put it on a ſpindle, in 
the centre of the ſtar; this ſpindle muſt have a ſhoulder 
at bottom, to keep the wheel at a little diftance from the 
block. This wheel muſt be kept on the ſpindle by a nut 
at the end; having fixed on the wheel, faſten the tranſ- 
parent ſtar to the 4 pieces of wire: when you fire it, you 
will only ſee a common horizontal wheel; but when the 
firſt caſe is burnt out, it will fire one of the vertical caſes, 
which will ſhew the tranſparent ſtar, and fill the large 
flames and points with fire; then it will again appear 
Uke a common wheel, and ſo on for 12 changes. 
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Touch. Paper for Capping of pet. 


Crackers, &c. 


Diflolve, in ſpirits of wine or vinegar, a Rück faltpetre; 
then take ſome purple or blue paper, and wet it with 
this liquor, and when dry it will be fit for uſe; when 
you paſte this paper on any of your works, take care 
that the paſte does not touch that part which is to burn. 


The method of uſing this paper is by cutting it into flips, 
long enough to go once round the mouth of a . 


cracker, &c. When you paſte on theſe flips, leave a 


little above the mouth of the caſe not paſted; then prime 


the caſe with meal powder, and twiſt the paper to a 
point. : 


Projected Regulated Piece of Nine Mu- 


tations. W 

A regulated piece, if well 3 is as curious 4 
work as any in fireworks: it conſiſts of fixed and move- 
able pieces on one ſpindle, repreſenting various figures, 
which take fire ſucceſſively one from another, without 


any aſſiſtance after lighting the firſt mutation; but, for 


: the better explanation of this piece, I ſhall give a full 


deſcription of the method of communicating the fite from 


one mutation to the other, with a figure of each as they 
ſtand on the ſpindle. Regulated pieces are made of many 


kinds, and of any number of mutations, irom 2 to q, 
which is the greateſt number I ever knew a piece to con- 


iſt of, except one of my own mating, which was com- 


2 of 15 mutations, all different fires and figures: 
ut, as an explanation of fo large a icce would be diffi- 


cult to comprehend, I ſhall omit it, leaving fo many 


changes to thoſe who have made a great progress in this 
art, and only teach the manner of making a piece of ꝙ mu- 
tations, as ſhewn in Plate V, Fig. 53. As it will be ne- 
cetlary that every mutation ſhould be ſe parately explained, 

1 2 | In 
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I ſhall firſt give the name of each, with the colour of fire, 
and fize & the caſe belonging to it ; after which proceed 
with the proportion of each mutation, with the nature of 
the ſpindle, and placing the leaders. 


{ 


Firſt Mutation EE 


Is a hexagon vertical wheel, illuminated i in front with 


mall port fires tied on the ſpokes; this wheel muſt be 


clothed with 2 0z. caſes, filled with black charge; the 
length of theſe caſes is determined by the fize * the 
wheel, but muſt burn ingly. 


Second Mutation 


1 a fixed piece, called a Golden Glory, by renfor of 
the caſes being filled with ſpur-fire ; the caſes muſt ſtand 


5 perpendicular to the block on which they are fixed, ſo 


that, when burning, they may repreſent a glory of fire: 
this mutation is generally compoſed of 5 or 7. 2-02. caſes, 


Third Mutation , 


Is moveable, and is only an octagon vertical wheel, 


clothed with 4 0z. caſes, filled with brilliant charge; 2 of 
. theſe caſes muſt burn at a time: in this wheel you may 
make changes of fire. 


Fourth Mutation 


5 a fixed ſan of brilliant fire, conſiſting of. 12 4˙02. 
caſes; the necks of theſe caſes muſt be a little larger than 


thoſe of 4 Oz. wheel caſes: in this mutation may be made 


a change of fire, by filling the caſes half with brilliant 
charge, and half with grey. 


Fifth Mutation \ 


Is a fixed piece, called the Porcupine's Quills; this 
| piece conſiſts of 12 ſpokes, ſtanding perpendicular 2 
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the block in which they are fixed; on each of theſe ſpokes, 
near the end, muſt be placed a 4 oz. caſe of brilliant fire; 


all thefe caſes muſt incline either to the right or left, ſo 
| that they may all play one way. 


Sixth Mutation 


Is a ſtanding piece, called the Croſs Fire. This muta- 


tion conſiſts of 8 ſpokes fixed in a block; near the end 


of each of thoſe ſpokes muſt be tied 2 4-0. caſes of white 


charge, one acroſs the other, ſo that the fires from the 


caſes on 1 ſpoke may interſect the fire from caſes on 
the other. 


WW Mutation 


Is a fixed wheel, with 2 Gente fells, on which are 
placed 16 8-ounce caſes of brilliant fire, in the form of a 
ſtar: this piece is called a Fixed Star of Wild-fire. 


Eighth Mutation. 


This is a beautiful piece, called a Brilliant Ser- Pen 
it conſiſts of © ſpokes, which are ſtrengthened by 2 fells 
of a hexagon form, at ſome diſtance from each other; at 


the end of each ſpoke, in the front is fixed a brilliant 
ſtar of 5 points; and on each fide of every ſtar is placed 
a2 4 02. caſe of black or grey charge; theſe caſes muſt 


be placed with their mouths fideways, ſo that their fires 


may croſs each other. 


N inth Mutation 


Is a wheel piece: this is compoſed of 6 "RA ſpokes, 
with a hexagon vertical wheel at the end of each; theſe 
wheels run on ſpindles in the front of the ſpokes; all the 
wheels are lighted together: 2 Oz. caſes will do for theſe 


wheels, and may be filled with any coloured charge. 
—8 1 3 ao After 
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| After having ſpoke of the ſeveral parts of the regulated 
| piece, each by their proper names and colour of fire, I 
| ſhall next proceed with the proportion of every mutation, 
| with the method of conveyipg the fire from one to the 
Other, and the diſtance they ſtand one from the other on 
the ſpindle. . 


Firſt Mutation 


| M uſt be a hexagon vertical wheel, 14 inches diameter; 
=: on one fide of the block. whoſe diameter is 2 4 inches, is 
1 fixed a tin barrel, A, fee Fig. 53, No. 1. this barrel muſt 
| be a little leſs in diameter than the nave; let the length 
. of the barrel and block be 6 inches. Having fixed the 
j aaſes on the wheel, carry a leader from the tail of the 
f laſt caſe into the tin barrel through a hole made on pur- 
| | Pole, 2 inches from the block; at the end of this leader 
let there be about 1 inch or 2 of looſe match; but take 
care to ſecure well the hole wherein the pipe 1s put, to 
prevent any ſparks falling in, which would light the 
ſecond mutation before its time, and confuſe the whole. 


Second Mutation 


Is thus made. Have a nave turned 2 £ inches diame- 
ter, and 3 long; then let 4 an inch of that end which 
faces the firſt wheel be turned ſo as to fit eaſy into the 
tin barrel of the firſt mutation, which muſt turn round 
it without touching ; on the other end of the block fix 
a tin barrel, B, N. 2. this barrel muſt be 6 inches long, 
and only £& an inch of it to fit on the block. Round the 
| nave fix 5 ſpokes, 1 4 inch long each; the diameter of 
I the ſpokes muſt be equal to a 2 oz. former; on theſe 
ſpokes put 5 7-inch 240z. cafes of ſpur fire, and carry 
leaders from the mouth of one to the other, that they may 
all light together; then from the mouth of 1 of the caſes, 
carry a leader through a hole bored ſlantways in the nave, 
from between the ſpokes, to the front of the block near 
the ſpindle hole; the end of this leader muſt project oy 
py 
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of the hole into the barrel of the firſt mutation, ſo that 
when the pipe which comes from the end of the laſt caſe 
on the firſt wheel flaſhes, it may take fire, and light the 
2d mutation. To communicate the fire to the 3d mu- 
tation, bore a hole near the bottom of one of the 3 caſes 
to the compoſition, -and from thence carry a leader into 


2 hole made in the middle of the barrel B; this hole muſt 
be covered with paſted paper. | 


Third Mutation 


May be either an octagon or hexagon wheel, 20 inches 


diameter; let the nave be 3 4 inches diameter, and 3 4 in 
length; 1 inch of the front of the nave muſt be made to 
fit in the barrel B. On the other end of the block fix a 
tin barrel, C, Ne. 3. this barrel muſt be 6x inches in length, 


one inch of which muſt fit over the block, The caſes 


of this wheel muſt burn 2 at a time; and from the mouths 
of the 2 firſt caſes carry a leader, through holes in the 
nave, into the barrel of the ſecond mutation, after the 
uſual manner; but beſides theſe leaders let there be a pipe 


go acroſs the wheel from one firſt caſe to the other; then 


from the tail of one of the laſt caſes carry a pipe into a 
hole in the middle of the barrel C: at the end of this pipe 
let there hang fume looſe quick match. 5 


Fourth and Fifth Mutations. 


I ſhall here ſpeak of thoſe 2 mutations under 1 head, 
as their naves are made of 1 piece, which from E to F 


is 14 inches; E, a block 4 inches diameter, with 10 or 
12 ſhort ſpokes, on which are fixed 11 inch 8 oz. caſes : 


let the front of this block be made to fit eaſy in the bar- 
rel C, and clothe the caſes fo that they may all light to- 


gether ; and let a pipe be carried through a hole in the 
block mto the barrel C, in order to receive the fire from 


the leader brought from the laſt caſe on the wheel. G; 


the naye of the 5th mutation, whoſe diameter muſt be 
43 inches; in this nave fix 10 or 12 ſpokes 1 4 foot in 


n | length 
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length each; theſe ſpokes wuſt ſtand 7 inches diſtant 
from the ſpokes of the 4th mutation; and at the end of 
each ſpoke tie a 4 0z. caſe, as No. 5. all theſe caſes are to 
be lighted together, by a leader brought from the end 
of 1 of the caſes on No, 4, Let F and H be of the fame 
piece of wood as E and G, but as much thinner as poffible, 
to make the work light. | 


Sixth and Seventh Mutations. 


The blocks of theſe 2 mutations are turned out of 
1 piece of wood, whole length from F to P is 15 inches. 
L, a block ; inches diameter, in which are fixed 8 ſpokes, 
each 2 foot 4 inches long ; at the end of each ſpoke tie 
2 4-0zZ, caſes, as Ne. 6. all theſe caſes muſt be fired at 
the ſame time, by a pipe brought from the end of one of 
the caſes on the 5th mutatian. Let the diſtance between 
the ſpokes at L and thoſe in the 5th mutation be inches, 
M, the nave of the 7th mutation, whoſe diameter muſt be 
5 J inches: in this nave fix 8 ſpokes, and on the front of 
them 2 circular fells, 1 of 4 feet 5 inches diameter, and 1 of 
3 feet 11 diameter; on theſe fells tie 16 8-0z. or pound caſes 
as in N®. 7. and carry leaders from one to the other, fo that 

they may be all fired together, This mutation muſt be 
fired by a leader brought from the tail of one of the caſes 

on the ſixth mutation, TL; 


Eighth and Ninth Mutations. 
The blocks of theſe may be turned out of one piece, 
| whoſe length from P to D muſt be 12 inches. G, the 
block of the 8th mutation, which muſt be 6 inches dia- 
meter, and in it fixed 6 ſpokes, each 3 feet in length, 
ſtrengthened by an hexagon fell within 3 or 4 inches of 
the ends of the ſpokes; cloſe to the end of each ſpoke, 
in the front, fix a five- pointed brilliant ſtar; then 7 inches 
below each ſtar, tie 2 10-inch 8-0z, caſes, ſo that the 
upper ends of the caſes may reſt on the fells, and their 
ends on the ſpokes; each of theſe cafes muſt be placed 
parallel to the oppoſite fell. See No. 8, NNN, &c. are 
the caſes, and kkk, &c. the ſtars. 3 
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The 9th mutation is thus made. Let D be a block 7 
inches diameter; in this block muſt be ſcrewed 6 ſpokes, 


6 feet long each, with holes and grooves for leaders, as 


thoſe in the dodecaedron; at the end of each ſpoke, in 
the front, fix a ſpindle for a hexagon vertical wheel, 
10 inches diameter, as in N?®. 9. When theſe wheels are 
on, carry a leader from each into the block, ſo that they 
may all meet; then lead a pipe from the end of 1 of the 
caſes of the 8th mutation, through a hole bored in the 
block D, to meet the leaders from the vertical wheels, 
ſo that they may all be fired together. 

The ſpindles for large pieces are required to be made 
very ſtrong, and as exact as poſſible: for a piebe of 
9 mutations, let the ſpindle be at the large end 1 inch dia- 
meter, and continue that thickneſs as far as the 7th muta- 


tion., and from thence to the 5th; let its diameter be 3 of 
an inch; from the fifth to the fourth, 5 Sths of an inch; 
from the fourth to the ſecond, 3 an inch; and from the 


ſecond to the end, 3 »ths of an inch: at the ſmall end 
muſt be a nut to keep on the firſt wheel, and at the thick 
end muſt be a large nut, as ſhewn by the figure; ſo that 


the ſcrew part ofthe ſpindle being put through a poſt, and 
a nut ſcrewed on tight, the ſpindle will be held faſt and 


ſteady; but you are to obſerve, that that part of the ſpin- 


dle, on which the moveable pieces are to run, be made 
long enough for the wheels to run eaſy without ſticking; 


the fixed pieces being made on different blocks, the lead- 
ers muſt be joined, after they are fixed on the ſpindle. 


The beſt method of preventing the fixed mutations from 


moving on the ſpindle, is, to make that part of the ſpin- 


dle which goes through them ſquare; but as it would be 
difficult to make ſquare holes through ſuch long blocks 


as are ſometimes required, it will be beſt to make them 


thus: Bore a round hole a little larger than the diameter 


of the ſpindle, and at each end of the block over the 


hole, faſten a piece of braſs with a ſquare hole in it to 
fit the Ge. e I? 
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To make an Horizontal Wheel change 
to a Vertical Wheel with a Sun in 
Front. RED ns 


The ſudden change of this piece is very pleaſing, and 
gives great ſurpriſe to thoſe who are not acquainted with 
the contrivance. A wheel for this purpoſe ſhould be 
about 3 feet diameter, and its fell circular, on which tie 
16 half-pound caſes filled with brilliant charge; 2 of theſe 
caſes muſt burn af a time, and on each end of the nave 
muſt be a tin barrel of the ſame conſtruction as thoſe on 
the regulated piece ; the wheel being completed, prepare 
the poſt or ſtand thus: firſt have a ſtand made of any 
height, about 3 or 4 inches ſquare; then ſaw off from 
the top, a piece 2 feet long; this piece join again at the 
place where it was cut, with a hinge on one fide, ſo that 
it may lift up and down in the front of the ſtand, then fix 
on the top of the bottom part of the ſtand, on each fide 
a bracket : theſe brackets muſt project at right angles 
with the ſtand, 1 foot from the front, for the ſhort piece 
to reſt on; but theſe brackets muſt be placed a little above 
the joint of the poſt, ſo that when the upper ſtand falls, 
it may lie between them at right angles with the bottom 
ſtand, which may be done by fixing a piece of wood, 
1 foot long, between the brackets, and even with the top 
of the bottom ſtand;' then, as the brackets riſe above the 
bottom ſtand, they will form a channel for the ſhort poſt 
to lie in, and keep it ſteady without ſtraining the hinge: 
on the fide of the ſhort poſt oppoſite the hinge, nail a piece 
of wood, of ſuch a length, that, when the poſt is perpen- 
dicular, it may reach about 1 J foot down the long poſt, 
to which being tied, it will hold the ſhort ſtand upright : 
the ſtand being thus prepared, in the top of it fix a ſpindle 
10 inches long; on this ſpindle put the wheel, then fix 
on a brilliant ſun with a fingle glory; the diameter of 
this ſun muſt be 6 inches leſs than that of the wheel. 
When you fire this piece, light the wheel firſt, and let it 

; | | „ run 
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run horizontally till 4 caſes are conſumed; then from the 
end of the 4th caſe carry a leader into the tin barrel that 
turns over the end of the ſtand; this leader muſt be met by 
another brought through the top of the poſt, from a caſe 
filled with a ſtrong port-fire charge, and tied to the bot- 
tom poſt, with irs mouth facing the pack-thread which 
holds up the ſtand, ſo that when this caſe is lighted, it 
will burn the pack-thread, and let the wheel fall forward, 
by which means it will become vertical; then from the 
laſt caſe of the wheel, carry a leader into the barrel next 
the ſun, which will begin as ſoon as the wheel is burnt 


Grand Volute illuminated with a projected 
W heel in Front. 


Firſt have 2 hoops made of ſtrong iron wire, one of 
6 feet diameter, and one of 4 feet 2 inches; theſe hoops 
muſt be joined to ſcrolls A, A, A, &c. as in Fig. 54. 
Theſe ſcrolls muſt be made of the ſame ſort of wire as the 
hoops : on theſe ſcrolls tie, with iron binding wire, as 
many illuminating port: fires as they will hold, at 2 inches 
diſtance : theſe port fires clothe with leaders, ſo that they 
may all take fire together; then let C be a circular wheel 
of 4 ſpokes, 3 feet 6 inches diameter, and on its fell tie 
as many 4 0z. caſes, head to tail, as will complete the 
circle, only allowing a ſufficient diſtance between the 
caſes, that the fire may paſs free, which may be done by 
cutting the upper part of the end of each caſe a little ſnelv- 
ing: on each ſpoke fix a 4 0z. caſe about 3 inches from 
the fell of the wheel; theſe caſes are to burn one at a time, 
and the firſt of them to begin with thoſe on the fell, of 
which 4 are to burn at a time, ſo that the wheel will laſt no 
longer than 2 of the caſes on the fell, which in number 
ſhould be 16 or 20: on the front of the wheel form a ſpiral 
line, with ſtrong wire, on which tie port fires, placing them 
on a ſlant, with their mouths to face the ſame way as the 
caſes on the wheel; all theſe port fires muſt be fired with the 
2d caſes of wheel. Let D, D D, &c. be ſpokes of wood, 
.-all-made'to ſcrew into a block in the centre; cach of theſe 
8 ſpokes 
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Spokes" may. be in length about 4 feet 6 inches; in the 
top of each fix a ſpindle, and on each ſpindle put a ſpirali 
Wheel of 8 ſpokes, ſuch as E, E, E, &c. The blocks of 
theſe wheels muſt have a hole at top for the centre caſes, 
and the ſpindle muſt have nuts ſcrewed on their ends; 
which nuts ſhould fit in the holes at top of the blocks, ſo 
ſo that all the wheels muſt be put on before you fix in 
the centre caſes: as ſome of theſe wheels by reaſon of 
their ſituation will not bear on the nut, it will be neceſ- 
ſary to have ſmooth ſhoulders made on the ſpindles for 
the blocks to run on; the caſes of theſe wheels are to burn 
double, and the method of firing them is, by carrying a 
leader from each down the ſpokes into the block in the 
centre, as in the dodecaedron, but the centre caſe of each 
wheel muſt begin with the 2 laſt caſes as uſual. It is to 
be obſerved, that the large circular wheel in front muſt 
haye a tin barrel on its block, into which a pipe muſt be 
carried from one of the ſecond caſes on the wheel; this 
pipe being met by another from the large block, in whieh 
the 8 ſpokes are ſcrewed, will fire all the ſpirali wheels 
and the illuminating port fires at the ſame time. The 
caſes of the projected wheel may be filled with a white 
charge, and thoſe of the ſpirali wheels, with a grey. 


Moon and Seven Stars. 


Let Fig. 55. be a ſmooth circular board, 6 feet diame- 
ter; out of the middle of it cut a circular piece 12 or 
14 inches diameter, and over the vacancy put white 
Perſian ſilk, on which paint a moon's face; then let 
I, I, I, &c, be ſtars each 4 or 5 inches diameter, cut 
cout with 5 points, and covered with oiled filk : on the 
front of the large circular board, draw a 7-pointed 
ſtar, as large as the circle will allow; then on the lines 
which form this ſtar, bore holes, wherein fix pointed 
ſtars. When this piece is to be fired, it muſt be fixed 
upon the front of a poſt, on a ſpindle, with a wheel of 
brilliant fire behind the face of the moon; ſo that while 
the wheel burns, the moon and ſtars will appear tranſpa- 
rent, and when the wheel has burnt out, they wall diſ- 
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each ſide of it fix a cone B and C; theſe cones are to 


of wood, in the manner of the ſpiral wheels: let the Height j 


_ tally, 2 at a time: the cones may be fired with the firſt 


through both the cones, and rife 3 feet above the point 
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wheel: the whole weight of the wheel and cones muſt ; 


of the wheel muſt turn: near the top of the ſpindle muft 


ſun, D, compoſed of 16 nine-inch 4 0z. caſes, of brilliant 
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appear, and the large ſtar in front, which is formed of 
pointed ſtars, will begin, being lighted by a pipe of com- 
munication from the laſt caſe of the vertical wheel, behind 
the moon ; this pipe muſt be managed in the fame man- 
ner as thoſe} in bende g Vie 1 2 05 


Double Cone Wheel Illuminated. 


This piece is repreſented by Fig 56. Let A be a 
ſtrong decagon wheel, 2 feet 6 inches diameter; then on 


,, rr . — — - — 
— — — — ———— —— — —_— — 


conſiſt of a number of hoops. ſupported by 3 or 4 pieces 

of each cone be 3 feet 6 inches, and on all the hoops tie 
dort fires horizontally, with their mouths outwards, / ane 

clothe the wheel with 8 ounce caſes, all to play hortzon- 1 


or ſecond caſes. The ſpindle for this piece muſt go — 


of the cone at top, ſo that its 1 will be 10 feet 4 in- 
ches from the top of the poſt H, in which it is fixed, al- 1 
lowing 4 inches for the thickneſs of the block of the 


bear on a ſhoulder in the ſpindle, on which the block 


be a hole in the front, into which fcrew a ſmall ſpindle, 
after the cones are on, then on this ſmall ſpindle fix à 


fire; which caſes mult not be placed on a fell, but only 
ſtuck i into a block of 6 inches diameter: then in the front 
of this ſun muſt be a circular vertical Wheel, 16 inches 
diameter; on the front of this wheel form with iron wire 
a ſpiral line, and clothe it with ituminations, after 'the 
ufual method. As this wheel is not to be fired tilt the 
cones are burnt out, the method of firing it is. Let the 
hole in the block, at the top of the uppermoſt cone, be 
a little larger than the ſpindle which paſſes through it; 
then, from the firſt caſe of the vertical Wheel before the 
ſun, carry a leader down the fide of the ſpindle to the top 


of 
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little meal powder, and then a ſtar; on which ram lightly 


tity © 
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of the block of the horizontal wheel, on which mu ſt be 
2 tin barrel; then this leader, being met by another 


brought from the end of the laſt caſe of the horizontal 


wheel, will give fire to the vertical wheel, ſo ſoon as the 
cones are extinguiſhed ; but the ſun, D, muſt not be 
fired, till the vertical wheel is quite burat out. 
„ 5 

| Cafes for fire pumps are made as thoſe for tourbillons; 
only they are paſted, inſtead of being rolled dry. - Hay 
ing rolled and dried your caſes, fill them; firſt put in a 
a ladle or 2 of compoſition, then a little meal powder 
and on that a ſtar, then again compoſition, and ſo on til 
you have filled the caſe. Stars for fire. pumps ſhould 
not be round, but muſt be made either ſquare, or flat and 


circular, with a hole through the middie: the quantity 


of powder for throwing the ſtars muſt increaſe as you 


come near the top of the caſe; for, if much powder be 


put at the bottom, it will burſt the caſe. The ſtars muſt 
differ in ſize, in this manner: let the ſtar which you put 
in firſt, be about 4 leſs than the bore of the caſe; but let 
the next ſtar be a little larger, and the 3d ſtar a little 
larger than the 2d, and ſo on: let them increaſe in dia- 
meter, till within 2 of the top of the caſe, which 2 muſt 
fit in tight. As the loading of fire- pumps is ſomewhat 
difficult, it will be neceſſary to make 2, or 3 trials, before 
you depend on their performance: When you fill a num- 
ber of Numb take care not to put in each an equal quan- 

charge between the ſtars, ſo that When they are 
fired they may not throw up e, 0 


ars together. 


Caſes for fire- pumps ſhould be made very ſtrong, and 


rolled on 4 or 8 Or. formers, 10 or 12 inches long each. 
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Vertical Scroll Wheel. 2 


This wheel may be made of any diameter, but muſt 


be conſtructed as in Fig. 57, to do which proceed thus: 
Have a block made of a moderate fize, into which fix 


4 flat ſpokes, and on them fix a flat circular fell of wood, 
round the front of this fell place port-fires; then on the 
front of the ſpokes form a ſcroll, either with a hoop or 


ſtrong iron wire; on this ſcroll tie caſes of brilliant fire, 


in proportion to the wheel, head to tail, as in the figure, 


When you fire this wheel, light the firſt caſe near the fell; 


then, as the caſes fire ſucceſſively, you will ſee the circle 


of fire gradually diminiſh ; but whether the illuminations 


on the fell begin with the ſcroll, or not, is immaterial, 
that being left intirely to the maker. 19 51 


N. B. This wheel may be put in the front of a re- 
gulated piece, or fired by itſelf, occaſionally. 


Pin- Wheel 8. 


Firſt roll ſome paper pipes, about 14 inches long eache 


theſe pipes muſt not be made thick of paper, 2 cr 3 rounds 


of elephant paper being ſufficient, When your pipes are 


thoroughly dried, you muſt have made a tin tube, 12 inches 


long, to fit eaſy into the pipes; at one end of this tube fix 


a ſmall conical cup, which done is called a funnel: then 
bend x end of 1 of the pipes, and put the funnel in at the 
other, as far as it will reach, and fill the cup with com- 


poſition: then draw out the funnel by a little at a time, 


ſhaking it up and down; and it will fill the pipe as it 
comes out. Having filled ſome pipes, have made ſome 


ſmall blocks, about 1 inch diameter, and inch thick: 
round 1 of theſe blocks wind and paſte a pipe, and to 
the end of this pipe join another; which muſt be done by 
twiſting the end of one pipe to a point, and putting jt 


into the end of the other, with a little paſte: in this man- 
ner join 4 or 5 pipes, winding them one upon the other, 


ſo as to form a ſpiral line, Having wound on your pipes, 
paſte 
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paſte 2 ſlips of paper acroſs them, to hold them to- 


gether : beſides theſe ſlips of paper the pipes muſt be 
paſted together. 25 1 
There is another method of making theſe wheels, called 
the French; which is, by winding on the pipes without 
paſte, and ſticking them together with ſealing- wax, at 
every half- turn; ſo that, when they are fired, the end 
will fall looſe every time the fire paſſes the wax; by 
which means the circle of fire will be conſiderably in- 
ereaſed. The formers for theſe pipes are made from 
1 J to 4 Löths of an inch diameter, and the compoſition 
for them as follows; meal powder 8 oz. ſaltpetre 2 oz. 
and ſulphur 1: among theſe ingredients may be mixed a 
little ſteel-filings, or the duſt of caſt iron: this compoſi- 
tion ſhould be very dry, and not made too fine, or it will 
ſtick in the funnel. Theſe wheels may be fired on a 
large pin, and held in the hand with ſafety. 


Fire-Globes. 


There are 2 ſorts of fire-globes, one with projected 


caſes, the other with the caſes concealed thus : Have a 
globe made of wood, of any diameter you chuſe, and 
divide the ſurface of it into 14 equal parts, and at each 
diviſion: bore a hole perpendicular to the centre: theſe 
holes muſt be in proportion to the caſes intended to be 


uſed: in every hole, except one, put a Hled with 


brilliant, or any other charge, and let the mouths of the 
caſes be even with the ſurface of the globe; then cut in 
the globe a groove, from the mouth of one caſe to the 
other, for leaders, which - muſt be carried from caſe to 


caſe, ſo that they may all be fired together: this 


done, cover the globe with a ſingle paper, and paint 


it. Theſe globes may be uſed to ornament a building. 


.  Fire-globes with projected caſes are made thus: Your 
| globe being made with 14 holes bored in it as uſual, fix 


in every hole, except one, a caſe, and let each caſe pro- 
ject from the globe 2 thirds of its length; then clothe 


all the caſes with leaders, fo that they may all take fire 
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at the ſame time. Fire- globes are ſupported by a pintle, 
made to fit the hole in which there is no caſe, 


To thread and] join Leaders, and place thetn 
on different Works. 


Joining and placing Leaders is a very efſential part 
of fire-works, as it is on the leaders that the performance 
of all complex works depends; for which reaſon I ſhall 
endeavour here to explain the method of conducting 
pipes of communication, in as plain a manner as poſlible. 
Vour works being ready to be clothed, proceed thus: 
Cut your pipes of a ſufficient length to reach from one 
caſe to the other; then put in the quick- match, which 
muſt always be made to go in very eaſy: when the match 
is in, cut it off within about an inch of the end of the 
pipe, and let it project as much at the other end; then 
faſten the pipe to the mouth of each caſe with a pin, and 
put the looſe ends of the match into the mouths of the 
caſes, with a little meal powder: this done to all the caſes, 
paſte over the mouth of each 2 or 3 bits of paper. The 
pee vg method is uſed for large caſes, and the following 
or ſmall, and for illuminations? Firft thread a long pipe; 
then lay it on the tops of the caſes, and cut a bit off the 
under ſide, over the mouth of each caſe, ſo that the match 
may appear; then pin the pipe to every other caſe, but 
before you put on the pipes, put a little meal powder in 
the mouth of e:ch caſe: if the caſes thus clothed are port 
fires on illuminated works, cover the mouth of each caſe 
with a fingle paper; bur, if they are choaked cafes, ſitu- 
ated ſo that a number of ſparks from other w orks may 
fall on them before they are fired, ſecure them with 2 or 
4 papers, which mult be paſted on very ſmooth, that there 
may be no creaſes for the ſparks to lodge in, which oft 
ſet fire to the works before their time. Av oid, as much 
as poſſible, placing the leaders too near, or one acroſs 
the other ſo as to touch, as it may happen that the flaſh 
of one u ill fire the other; therefore, if your works ſhould 
be ſo formed, that the leaders mult croſs or touch, be jure 
. to 
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to make them very ſtrong, and ſecure at the joints, and at 
every opening. 

When a great length of pipe is required, it muſt bs 
made by joining ſeveral pipes in this manner: Having 
put on 1 length of match as many pipes as it will hold, 
paſte paper over every joint; but, if a ſtill greater length 


is required, more pipes mult be joined, by cutting off 


about an inch of one ſide of each pipe near the end, and 
laying the quick match together, and tying them faſt 
with ſmall twine; after which, cover the Joining with 
paſted paper. 


Placing OR FN to be exhibited, with 
the Order of Firing. 


Nothing adds more to the appearance of fire-works, than 
the placing them properly; though the manner of placing 
them chiefly depends on the judgement of the maker. 
I ſhall give ſuch rules here, as have been generally obſer- 
ved; for example, whether your works are to be fired on 
a building, or on ſtands: If they are a double ſet, place 
one wheel of a ſort on each fide of the building; and next 
to each of them, towards the centre, place a fixed piece, 
then wheels, and ſo on; leaving a ſufficient diſtance be- 
tween them, for the fire to play irom one without burn- 
ing the other: Having fixed ſome of your works thus in 
front, place the reſt behind them, in the centre of their 
intervals: the largeſt piece, which is generally a regu- 
lated or cranſparent piece, muſt be placed in the centre 
of the building, and behind it a ſun, which muſt always 
ſtand above all the other works: a little before the build- 
Ing, or ſtands, place your large gerbes ; and at the back 
of "the works, fix your marron batteries, pots des aigret- 


tes, pots des brins, pots des fauciſſons, air ballons, 


and flights of rockets: the rocket ſtands may be fixed 
behind, or any where elſe, ſo as not to be in the way of 
the works. 


Single 


Single collections are fired on ſtands; which ſtands are 
made in the ſame manner as theodolite ſtands, only 
the top part muſt be long or ſhort occaſionally : theſe 
ſtands may be fixed up very ſoon without much trou- 


ble. | 1 | 
of fireworks, I ſhall proceed with the manner of firing 


* 


Having given ſufficient inſtructions for placing. 


/ 
Order of Firing. 
Two ſignal e 


Six ſky 


rockets 
Two honorary - 


Four caduceus } 


4 ſpiral. 
[ tranſparent ſtars 
A line rocket of 5 changes 


1 
i T0 | * heels illuminated 


Four tourbillons _ 
] [horizontal wheels DN Hl 


loair balloons illuminated 
7 Two } Chineſe fountains. | 


. þo' lating pieces of 4 mutations each 
l regulating pieces of 4 mutations eacn 
J | pots des aigrettes 


Three large gerbes 

A flight of rockets 

ballscn wheels: - 

Ccalcades of brilliant fire 

Twelve {ky rockets. 

? Two 1 yew trees „ 
| air balloons of ſerpents, and 2 compound 
Four tourbillons 
wo] Fruiloni wheels e 
Hh illuminated globes with horizontal wheels 
One pot des {aucitions 

Two plural wheels 


+ 


"of 


. Marron battery 


Two chandeliers, illuminated | 
Range of pots des brins 


N 2 30. Twelve 
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30. Twelve ſky rockets | 


31. Two'yew-trees of fire 


32. Neſt of ſerpents. : | 
33. Two double cones illuminated 
34. Regulating piece of ſeven mutations, viz. 


1. Vertical wheel illuminated 
2. Golden glory 
3. Ottagon vertical wheel 
4. Porcupine's quills 
5. Crols fires 
6. Star piece with brilliant rays 
Six vertical wheels 
Brilliant ſun 
16 Large flight of rockets. 


When water-works are to be exhibited, divide them 
into ſeveral ſets, and fire one ſet after every fifth or ſixth 
change of land and air-works. Obſerve this rule in firing 
a double ſet of works; always to begin with iky-rockets, 
then two moveable pieces; then two fixed pieces, and 
ſoon; ending with a large flight of rockets, or a marron 
battery: if a fingle collection, fire a fixed piece after 
every wheel or two, and now and then ſome air and 


water works. 


Fountain 4 Sky Rockets. 


Plate Eth, Fig. 1. repreſents a fountain of 30 rockets. 


Let A be a perpendicular poft, 15 feet high from the 


ground, and 4 inches ſquare, Let the TY or crofs 
piece, C, be 1 foot 6 inches long, 3 inches broad, and 


1 thick. The rail D, at bottom, muſt be 6 feet long, 


1 foot broad, and 1 inch thick. F, and G, are the two 
fides which 3 to ſupply the rails D, E, H, I, C: theſe 


ſides are 1 foot broad at bottom, and cut 42 the front 


with a regular ſlope, to 3 inches at top; but their back 
edges muſt be parallel with the front of the pots A. The 
breadth of the rails E, H, I, will be determined by the 
breadth of the ſides: all the rails muſt be fixed at 2 feet 

| diſtance 
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| 
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] 
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diſtance from each other, and at right angles with the 
pots. Having placed the rails thus, bore in the bottom 
rail 10 holes, at equal diſtances, large enough to receive 
the ſtick of a one- pound rocket; in the back edge of this 
rail cut a groove from one end to the other, fit to con- 
tain a quick- match; then cut à groove in the top of the 
rail, from the edge of each hole, into the groove in the 
back : in the ſame manner cut in the ſecond rail, E, 
8 holes and grooves; in the third rail, H, 6 holes and 
grooves; in the fourth rail, I, 4 holes and grooves; and 
in the top rail, 2 holes and grooves. B, a rail with holes 
in it to guide the ends of the rocket ſticks: this rail muſt 
be fixed 6 feet from the rail D. The fountain frame 
being thus made, prepare your rockets thus: Tie round 


the mouth of each a piece of thin paper, large enough 


to go twice round, and to project about an inch and 4 
from the mouth of the rocket, which muſt be rubbed 
with wet meal- powder; in the mouth of each rocket put 
2 leader, which ſecure well with the paper that projects 
from the mouth of the caſe: theſe leaders muſt be carried 
into the grooves in the back of the rails, in which lay a 
quick- match from one end to the other, and cover it with 
paſted paper: holes muſt be made in the rail D, to receive 
the ends of the ſticks of the rockets, in the rail E, and ſo 
on to the fourth rail; ſo that the ſticks of the rockets at 
top will go through all the rails. The rockets being ſo 
prepared, fix a gerbe, or white flower pot, on each rail, 


before the poſt, with their mouths inclining a little for- 


wards: theſe gerbes muſt be lighted all at once. Behind 
or before each gerbe, fix a cate of brilliant or flow fire: 
theſe caſes mult be filled fo that they may burn out one 
after the other, to regulate the fountain, which may be 
done by carrying a leader, from the end of each flow or 
brilliant fire, into the groove in the back of each rail. 
Different fized rockets may be uſed in theſe fountains ; 
but it will be beſt te fill the heads of the rockets on each 
rail with different ſorts of things, in this- manner; thoſe 
at top with crackers, the next with rains, the third with 

2 ſerpents, 
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| lerpents, the fourth with tailed ſtars, me the laft fligh, 
With common or brilliant ſtars. 


Palm- Tree. 
This piece, though made of common "Reg and of a 


ſimple conſtruction, has a very pleaſing effect; owing 


to the fires interſecting ſo oft, that they reſemble the bran» 
ches of trees. Fig, 2d. Let „ be a perpendicular poſt, 
of any thickneſs, To that it is ſufficiently ſtrong to bold 
the caſes: let the diſtance from B to C be 2 feet 6 inches, 


and from Cc to D 2 feet 6 inches; and let the length of 


each croſs piece be 2 feet; on each end of each fix a A five- 
pointed ſtar ; then fix on pegs made on purpoſe, 12 inch 
half-pound caſes of brilliant fire, as in the figure. All the 
caſes and ſtars muſt be fired at once. 48 piece ſhould 
be fixed high from the ground, Se, 


Illuminated Pyramid, with Archimedian 
Screws, a Globe and Vertical Sun, 
May be made of any fize : one made according to the 


_ dimenſions of Fig. 3d, will be a good proportion, whoſe 


height is 21 feet; from C to D, 6 feet; from E to F. ꝗ feet: 
the ſpace between the rails muſt be 6 inches, 25 the 
rails as thin as poſſible: in all the rails ſtick port-fires at 
4 nei diſtance. The Archimedian ſcrews, G, K, are 
nothing more than double ſpiral wheels, with the caſes 
placed on their wheels horizontally, initead of obliquely. 


Ihe vertical ſun, I, need not confiſt of more than 12 rays, 


to form a ſingle glory, The globe at top muſt be made 
in proportion to the pyramid, which being prepared ac- 
cording to the preceding directions, place your leaders ſo 
that all the illuminating port-fires, ſcrews, globe, and 


ſun, may take fire together. The pyramid muſt be ſup- 


ported by the 2 ſides, and by a ſupport brought from a 
pole, which muſt be placed 2 feet from the back of the 
p) ramid, that the wheels may run free, 


Roſe 
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Roſe- Piece and gun. 


i A roſe· piece may be uſed for a mutation of a regulated 

piece, or Fired by itſelf: it makes the beſt appearance 
when made large; if its exterior diameter be 6 feet, it 
will be a good fize. | Fig. 4. ſhews the manner it appears 
in before it 1s fired. Let the exterior fell be made of 
wood, and ſupported by 4 wooden ſpokes: all the other 
parts, on which the Ade ee are flxed, muſt be made 
of ſtrong iron wire: on the exterior fell place as many 
11b. caſes of brilliant charge as you think proper, but the 


more the better; for the nearer the caſes are placed, the 


ſtronger will be the rays of the ſun: the illuminations 
ſhould be placed within 3 inches of each other ; they 
muſt be all fired together, and burn ſome time before the 
fun is lighted; w hich may be done by carrying a leader 
from the middle of one of the illuminations, to the mouth 


of one of the ſun caſes. 


Tranſparent Stars with Illuminated Rays. 


Plate 7, Fig. 5th, repreſents an illuminated ſtar, Let 
he diameter from A to B be 2 feet, and from to , 
7 feet. Firſt make a ſtrong circular back or body of the 
ſtar, 2 feet diameter, to which you fix the illuminated 
rays; in the centre of the front of the body fix a ſpindle, 
on which put a double triangular wheel, 6 inches diame- 
ter, clothed with 2 ounce, caſes. of brilliant charge ; the 
caſes on this wheel muſt burn but 1 at time. Round the 
edge of the body nail a hoop made of. thin wood or tin: 
this hoop muſt project in front 6 or 7 inches: in this 
hoop cut 3 or 4 holes to let out the ſmoke from the 
wheel. The ftar and garter may be cut out of ftrong 
paſte-board, or tin, made in this manner: Cut à round 
piece of paſteboard, or tin, 2 feet diameter, on which 
draw a far, and cut it out; then over the vacancy 
paſte Perſian filk ; paint the letters yellow; 4 of the rays 

ellow, and 4 red; the croſs in the middle may be painted 
half red, and half yellow, or yellow and blue. This 


K 4 _ rranſparent 
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tranſparent ſtar muſt be faſtened to the wooden hoop by 
a ſcrew, to take off and on: the illuminated rays are 
made of thin woot, with tin ſockets fixed on their fides 
within 4 inches of each other; in theſe ſockets ſtick illu- 
minating Port- fires; ; behind the point of each ray fix a 
half: pon caſe of grey » black, or Chineſe fire. 


N. B. The mana ras to be lighted at the ſame 


time as the triangular wheel, or after it is burnt out; 


which may be done by a tin barrel being fixed to he 


wheel, after the manner of thoſe in the regulated pieces. 
Inte his bartel carry a leader from the illuminated rays, 


through the back of the ſtar; which leader muſt be met 


by another, brought iron the tail of the laſt caſe ON the 
Wheele a 


ot 5 ranſparent Table Star illuminated. 


yo Gth repreſents a table ſtar, whoſe diameter, from 
E to F, is 12 feet; and from k to I, 4. This propor- 
tion, obſerved on each ſide vil make the centre frame 
4 feet ſquare : in this ſquare fix a tranſparent ſtar, as in the 
figure. This ſtar may be painted blue, andi its rays made 
as thoſe of the flaming ſtars deſcribed in page 113. 'The 
wheel for this ſtar may be compoſed of different coloured 
fires; with a change or 2 of ſlo fire: the wheels a, a, a, a, 
may be clothed with any number of caſes, fo that the 
ſtar wheel, conſiſts of the ſame: the mluminating port- 
fires, which muſt be placed very near each other on the 


frames, muſt be ſo managed as to burn as org as the 
wheels, and lighted at the time. 85 


The Regulated Mdtninated 8 ping Piece, 


With a projected Star Wheel 7 hr Br 


This piece is repreſented by Fig. 7. and is thus made. 
12 a block made 8 inches diameter; in this block 
{crew 6 iron ſpokes, which muſt ſerve for ſpindles for the 


l Wen : theſe wheels are made as uſual, each 1 foot 


6 diameter, 
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6 diameter, and 3 feet in height: the ſpindles muſt be long 
enough to keep the wheels 4 or 5 inches from one ano- 
ther: at the end of each ſpindle muſt be a ſcrew nur, 
on which the wheels that hang downwards will run; and 


on the ſpindles which ſtand upwards muſt be a ſhoulder, 
for the blocks of the wheels to run on, 


The projected ſtar-wheel muſt turn on the ſame ſpindle 
on Which the large block is fixed: this ſpindle muſt be 
long enough to allow the ſtar-wheel to project a little 
before the ſpiral wheels: the exterior diameter of the ſtar- 
wheel muſt be 3 feet 5. On this wheel fix 3 circles of 
iron wire, and on them port-fires; on the block place a 
tranſparent ſtar, or a large 5-pointed brilliant ſtar. The 

_ caſes on this wheel may burn 4 at once, as it will con- 
tain near twice the number of one of the ſpiral wheels: 


the caſes on the ſpiral wheels muſt be placed parallel to 
their fells, and burn 2 at a time. 


A New Figure-Piece Ilumigated with 
Five-Pointed Stars. 


The conſtruction of this piece is very eaſy, as ; ſhewn by 
Fig. 8, whoſe diameter from Bto C is 8 feet, and from 
D to E 2 feet: the vertical wheel in the centre muſt be 
1 foot diameter, and conſiſt of 6 tour-ounce caſes of dif- 
ferent coloured charge, which caſes muſt burn double: 
on the frames fix 5-pointed brilliant or blue ſtars, ram- 

med 4 inches with compoſition : let the ſpace betu cen 
each ſtar be 8 inches; at each point fix a gerbe, or caſe | 
of Chineſe fire. When to be fired, let the gerbes, ſtars, 1 
and wheel, be lighted at the lame time. 


— — 


A — 
— 
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The Star-Wheel loaned; 


This beautiful new: invented piece is ſhewn in Plate 8, || 
Fig. 9. its exterior fell is made of wood, 3 fect C, or 4 fect 
. 3, 29a within this fell, form with iron wire 3 circles, 4 
one leſs than the other, ſo that the diameter of the leaſt {1 


may | 
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may be about ro inches: place the port fires on theſe 
fells with their mouths inclining outwards, and the port- 
fires on the points of the ſtar ich their mouths projecting 
in front: let the exterior fell be clothed with 4-ounce caſes 
of grey charge: theſe caſes muſt burn 4 at a time, and 
be lighted at the lame time as the illuminations. 


Pyramid of Flower-Pots. 


Fig. 10. repreſents this curious piece, which mult be 
made thus. Let the diſtance from A to B be 6 feet, and 
from one rail to the geber 2: on the bottom rail fix 5 pa- 
per mortars, each 3 inches diameter: theſe mortars load 
with ſerpents, crackers, ſtars, &c. 

In the centre of each mortar fix a cafe of ſpur-fire: on 
the ſecond rail fix 4 mortars, ſo as to ſtand exactly in the 
middle of the intervals of them on the bottom rail; on the 
third rail place 3 mortars; on the fourth, 2; and on the 
top of the poſts, 1: the bottom rail muſt be 6 feet long: 
all the mortars muſt incline a little forwards, that they 
may eaſily diſcharge; and the ſpur-ffres rammed exactly 
alike, that the mortars may all be fired at the ſame time, 
Having prepared your pyramid according to the prece- 
ding directions, carry pipes of communication from one 
ſpur-fire to the other. 


The illuminated Regulating Piece. 

Fig. 1 1. repreſents one half of this piece. A, A, A, A, 
are flat wooden ſpokes, each ; feet long; and at the end 
of-each place a vertical wheel, 10 inches diameter, clothed 
with 6 4-ounce caſes of brilliant fire: theſe caſes muſt burn 
but 1 at a time: on 2 of the ſpokes of each wheel place 
2 port-fires, which muſt be lighted with the firſt caſe of 
the wheel; on each ſpoke A, A, &c. behind the wheels, 
place 6 caſes of the ſame fize as them on the wheels; 
theſe caſes muſt be tied acroſs the ſpokes with their 
mouths all one way, and be made to take fire ſucceffively 


one after the other, ſo that they may affiſt the whole * 85 


f The 


to turn round, 
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The diameter of the wheel B muſt be 2 feet 6, and 
its fell made of wood, which mult be fixed to the large 
ſpokes: on this wheel place 24 cafes of the ſame ſort as 
them on the ſmall wheels; theſe caſes muſt burn 4 at a 
time : in this wheel make 3 circles with iron wire, and 
en them place illuminating port-fires, as in the figure: 
the ſtar points on the large ſpokes may be made of 
thin aſh-hoops; the diameter of theſe points cloſe to the 
centre wheel muſt be 11 inches : on theſe points place 
port-fires, at 3 & inches diſtance one from the other. 
Fig, 12. repreſents the blocks of this piece. The dia- 
meters of theſe blocks, at A and B, muſt be 8 inches; 
and Cand D, 4 3 inches: the length of each of theſe blocks 


muſt be 6 inches: at the ſmall ends of theſe blocks fix 


an iron wheel 5 inches diameter, which wheels muft have 


teeth, to turn the wheel E: this wheel is fixed on a fmall 


ſpindle ſcrewed into the large ſpindle, Which goes through 
the two blocks, and on which they run. 


Suppoſing Fig. 11. to be on the block A, in Fig. 12, 
and to turn to the right, and another piece of the ſame 
conſtruction on the block B, with its fires placed ſo as to 


turn it to the left; you will find them move very true 


and fait, by the help of the ; iron wheels, which ſerve 
» regulate their motions, as well as to aſſiſt them in turn- 

: let the iron circles in the front of the great wheels 
= of different diameters, ſo that when fired there may 


appear 6 circles, When this piece is fired, all the wheels 


and illuminations muſt be lighred at one time. 


To fix a Sky -Rocket with its. stick on the 


Top of another, 
Rockets thus managed make a pretty appearance, hy 


i of a freſh tail being ſeen when the ſecond rocket 
takes fire, which will mount toagreat height. The method 
of preparing theſe rockets 1s thus : Having filled a two- 
pounder, which muſt be filled only half a diameter above 
the piercer, and in its head not more than 10 or 12 ſtars; 


. 
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the ſtick of this rocket muſt- be made a little thicker 


than common, and when made, cut it in half the flat 


way, and in each half make a groove, ſo that, when the- 
2 halves are joined, the hollow made by the grooves 
may be large enough to hold the ſtick of a half- pound 
rocket; which rocket make and head as uſual; the ſtick 
of this rocket put into the hollow of the large one, ſo far 
that the mouth of the rocket may reſt on the head of the 
two-pounder; from whoſe head carry a leader into the 
mouth of the ſmall rocket; which being Sw 8 roche 
ets will be ready for firing. 


oi New Method of Placing Leaders: 


The placing leaders on ſmall caſes, or illuminations, 
is a much quicker, ſtronger, and more expeditious way 
than that of uſing pins; which method has been practiſed 
till lately. Your port-fires being filled within about 3 Sths 
of an inch of the top, bore with an awl a hole thro' each 
fide of the caſe, cloſe to the compoſition; then fill the 
mouths of the caſes with meal powder wetted with ſpirit 
of wine: when you have thus prepared your caſes, fix 
them on your works; then take an empty leader, and 
lay it on the mouths of as many caſes as it will reach; 
then, with your finger nail, mark the leader exactly in 
the middle of the mouth of each caſe; then at each mark, 
with a pair of ſciſſars, cut a bit out of the pipe, ſo that, 
when you put in the quick- match, it may be ſeen, This 
done, lay the leader on the caſes again, with that fide on 
which the match is ſeen downwards; then take ſome _ 
{mall twine, and put it through the holes in the mouths 
of the caſes, and tie on the leader: do.this to every caſe, 
and cover them with fingle paſted paper. By making uſe 
of this method your works may be made very clean, there 
being no occaſion to put dry meal powder in the mouths: | 
of the caſes, which always ſoils the Works, and provects 
the paſte from ſticking. 
Here 
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"Here have taught the, method of rolling, pinching, 
a filling all ſorts of caſes; the manner of pulverizing, 
mixing, and preparing, all compoſitions uſed in artificial 
fire-works; alſo the method of placing leaders, clothing 
wheels, fixed pieces, &c. in ſo plain a manner, that all 
fire-works may be made without any further inſtructions. 
A-variety of pyrotechnical repreſentations only depends 
on the genius of the maker, by fixing different caſes and 
fires on works of various forms, of which there are mi 
more. 
ut as thoſe I have given are the principal, I ſhall con- 
clude with Mr. Muller's Laboratory and a few of his 


Mines; which are all that was wanung to complete this 
work, 


fir the bore of he! gun. Leaden bullets are likewi e uſed 
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M. MULLER | on Lavonarozy Wonxs, 


Y defign is not to give here any more than whit 
M is juſf neceflary for the young Artilleriſt to know 
n the courſe of his duty, referring that part which re- 
| gards the Fire-works made for „ the excellent 
Treatiſe on Artificial F ireworks, wrote by Robert Jones, 
who gives all that can be ſaid on that ſubject, and has 
Wwe practiſed every part of it. 


Grapeſhot. 


The number of ſhot in a grape varies according to the 
ſervice or ſize of the guns: in ſea-ſervice g is always the 
number; but by land it is increaſed to any number or 
ſize; from an ounce and a quarter in weight, to 3 or 4 
pounds. It has not been determined, what number or 


ſize anſwers beſt in practice; which I think ſhould be 


tried: for it is well known, that they oft ſcatter ſo much, 
that only a ſmall number take place. It would not be 


a uſeleſs experiment, to try at what diſtance they would 


do moſt execution, and what is the beſt charge of pow- 
der. In ſea-ſervice, the bottoms and pins are made of 
iron, whereas thoſe uſed by land are of wood: for 
what reaſon this diſtinction is made, I cannot tell, unleſs 
that theſe iron bottoms are ſuppoſed to deſtroy the rig- 
gings of ſhips more than the wooden. 

To make grape-ſhot, a bag of coarſe cloth is made juſt 


to hold the bottom which is put into it; then as many 


ſhot as the grape 1s to contain; and with a ſtrong pack- 
thread they are quilted to keep the ſhot from moving, 
and when they are finiſhed are put into boxes for carriage. 
When the ſhot are ſmall, they are put into tin bo that 


in 
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in the ſame manner, It mult be obferved, that whatever 
number or fizes of the ſhots are uſed, they muſt weigh 
with their bottams and pins nearly as much as the ſhox 
of the piece. . 


Cartridges. 


The loading and firing guns with cartridges is done 
much ſooner, and leſs liable to accidents, than with looſe. 
powder. They are made of val ious ſubſtances, ſuch as 
paper, flannel, parchment, and bladders. When they are 
made of paper, the bottoms remain in the piece, and ac- 
cumulate ſo much, that the priming cannot reach the 
powder; and therefore they muſt be drawn from time to 
time, which retards the ſervice. They have another in- 
conveniency, which 1s, they retain the fire; and, if par- 
ticular care is not taken in ſpunging the piece, they will 
ſet fire to. the next cartridge, and the gunner that puts it 

into the piece will be in danger of lofing a hand or arm, 
as has ſometimes happened. When they are made f 
parchment or bladders, the fire ſhrivels them up, whereby 128 
they enter into the vent, and become ſo hard, that the |] 
priming iron cannot remove them ſo as to clear the vent. 
Nothing has been found hitherto to anſwer better than 1 
flannel, and is the only thing uſed at preſent, becauſe it | 


does not keep fire, and theretore not liable to accidents in 1 
the loading; but as the duſt of powder paſſes through 1 
them, a parchment cap is made to cover them, which is | 
taken off before this is put into the piece. ä 
The bet way of making flannel cartridges is, in my | 
opinion, to boil the flannel in fize; this will prevent the 
duſt of the powder from paffing through them, and ren- a 
ders them ſtiff, and more manageable; for without this [i 
precaution they are ſo pliable, that when they are large, 1Y 
and contain much powder, they are very inconvenient in 
putting them into the piece. The Saxon, who introduced | 
our preſent light field pieces, had a particular method f 19 
Preparing cartridges, which was {uch, that when laid into 1 
the fire they would not burn; and yet, by dipping them 11 
into | 
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into water before they were put into the piece, would 
take fire as quick as powder; but how he did it, nobody 
could tell ; for he would not part with his ſecret. 

In quick firing the ſhot is fixed to the cartridge by means 
of a wooden bottom, hollowed on one ſide ſo as to re- 
ceive nearly half the ſhot, which is faſtened to it by two 
ſmall ſhps of tin croſſing over the ſhot, and nailed to the 
bottom; and the cartridge is tied to the other end of this 

bottom. They are fixed likewiſe in the ſame manner to 
the bottoms of the grapeſhot; which are uſed in field 
pieces. CE ts 7 | 


Portfires. NY 
Portfires are uſed ſametimes inſtead of matches, to ſet 


fire to powder or compoſitions ; and are diſtinguiſhed into 


wet and dry. The compoſition of wet portfires is, falt- 
petre 4, ſulphur 1, and mealed powder 4; when the com- 

ofition is well mixed and fieved, it is to be moiſtened 
with a little linſeed oil, and well rubbed with the hands 
till all the oil is well mixed with the compoſition. The 


compoſition of dry portfire is, ſaltpetre 4, ſulphur 1, mealed 


powder 2, and antimony 1. Theſe compoſitions are drove 


into ſmall paper caſes, and ſo kept till uſed. 


Quickmatch 


Is made with three cotton ſtrands drawn into length, 


and put into a kettle covered with white wine vinegar, 


and a quantity of ſaltpetre and mealed powder, and boiled 
till well mixed. Others put only faltpetre into the wa- 
ter. After that, it is taken out hot, and laid in a trough 
where ſome mealed powder, moiſtened with ſpirits of 
wine, is thoroughly wrought into the cotton, by rolling 
it backwards and forwards with the hands: when this 1s 
done, they are taken out ſeparately, and drawn through 
mealed powder, then hung upon a line till dry. 


Tubes 
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| Theſe tubes are here made of tin: their diameter is 
wo tentiis of an inch, to enter into the vent of the piece; 
about g or 6 inches long, with a cap above, and eut 
ſlanting below in the form of a pen; and the point is 
firengrhered with'ſothe ſolder, - chi ir may Pierce the ear. 
tridge. Through this tübe is drawn a quickmatch;'and 
the cap is filled with theated'powder moiſtened with fpirit 


of wine © To prevent the mealed powder from falling out 


by cartiage, a cap of paper is tied over it, which is taken 


off When uſed; but latterly this eap is made of flannel 
ſteeped ier Fhixits of wine, with ſaltpette diſſolved in it; 
there is n occaſion to e it off, mee it rakes fire * 
Nen as looſe powder. 0 
An cen is: made 3 inſt theſe tubes, which” on 
bat che tit is apt to ſpoil the quiekmatch when they a 
kept for ſome dime; and it is imagined, that ſalt water 
would ſoon corrode them, -therefore!ih - proper to be 
uſed on: board of ſhips; this however has not been tried. 
The French uſd a ſmall reed, to which is fixed a wooden 
cap about two inches long, filled with mealed powder 
moiſtened with ſpirit of wine: a ſmall hole is made thro 
them thefize of a needle, through which the fire darts 
witk great violence, and gives fire to the cartridge, which 
muſt be pierced with the priming iron. Theſe tubes may 
be kept a great while without being ſpoiled; but the 
piercing the cartridge retards the quickneſs: of firing. 
The forementioned Saxon made his of copper, tapering! 
towards the end, ſo as to enter the vent about half an 
inch, which is made ſo far in the ſame form, and the reſt 
very narrow: they ate filled in the ſame manner as the 
French, and when fired, the flame darted testen the 
cartridge without being e IR ; 


Nieten 83 
"= = SF 


A ” © , n 
© 1 - a 1 . f _T" >. 7 7 8 
- AF a 7 5 9 7 | * TTY 


24 


* * , „ : * . 
F . 2 # 1 * 
* 
: a 1 
1 „ Fuzes 
1 


146 FIREWORKS FOR 


$ UZES f Or Shells and Hand-Gr enades. 


The compoſition for fuzes is ſaltpetre 3, ſulphur 1, and 
mealed powder 3, 4, and ſometimes 3, according as re- 
quired. to burn quicker. Fuzes are chiefly made of 
very dry beech, wood, and. ſometimes of hornbeam taken 
near the root; the upper part of that wood ſplits very 
eaſily. They are turned rough, and bored at firſt, and 
then kept for ſeveral years in à dry place; the diameter 
of the Pole: is-about a quarter of an inch, alittle more or 
leſs is of no conſequence; the hole docs not go quite 
through, leaving about a quarter. of an inch at the bottom; 
and the head is Made hollow in thei form of a bowl. The 
compoſitiom is drove in with an iron driver, whale ends 


are capped with copper to prevent: che compoſition, from 
taking fire; and equally hard as poſſible ; the laſtthoyel-tull 


being all mealed powder, and two ſtrands of iquickmatch 
laid acroſs each other being drove in with it, the ends of 


which are folded up. into the bowl, and a cap of parch- 


ment tied over it till uſed. Obſerve, that, — ſhells 

are to be throvn at a ſmall diſtance, the compoſition 

ſhould be made quicker than when they are to be thrown 

Wb: greater; for, by cutting them ©. as to burn but a 
or 


t time, they might not be long enough to be well 


fixed into the ſhell, by which the blaſt of the powder in 


the chamber would blow them out, without the ſhell 


being able to burſt. It muſt likewiſe be obſerved, that 
the cuſtom of fixing the ſhells at home is very bad, 
fince it is not known how long they ſhould burn; and if 
they do not burſt as ſoon as they fall, the execution is but 
trifling. Another diſadvantage attends this practice; 
when they are carried into a hot climate the w6od- ſhrinks, 


though ever ſo dry before; and the fuzes looſen ſo much, 


that they fall out in the fight of the ſhell before! it falls to 
the ground. 


When the fuzes are to be drove, the lower end is cut 
off in a ſlope, ſo as the compoſition may . fire to the 


he to burſt 


5 powder; and they muſt have ſuch a length 
nearly as ſoon as the ſhell touches the gro 


d. When 
the 


/ 
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the diſtance of the battery from the object is known, the 


time of the ſhell's flight may be computed nearly; which 
being known, the fuze may be cut accordingly, by burn- 


ing 2 or 3, and making uſe of a watch, ora ſtring by 
way of a pendulum. | 


Before ſhells are loaded they muſt be well ſearched 


within and without by means of a copper grater, to ſee 


if there are no holes or cavities in them; after that put 
them into a tub of water, to cover them, with an empty 
fuze drove into them: and the mouth of a bellows, being 


introduced into the fuze, and worked, will cauſe bub, 


bles in the water, if there are any holes! in the ſhell; but 
if no bubbles appear, it is a fign the ſhell is ſound and 
fit for ſervice. 

When loaded, care muſt be taken that they are very 
dry within; and if the ſpike: which ſupports the corp 
when they are caſt, and which remains in them, is not 
beat down, it muſt be done then, otherwiſe it would ſplit 
the fuze. Then the powder is put into it with a funnel, 
and not quite filled. that the fuze may have room to enter, 
which fuze is prefied,; in at firſt by the hand as far as it 


will go, and * drove with a mallet as hard as poſlible, | 
taking care not to ſplit it; for if the leaſt crack was in it, 


the compoſition would give fire to the powder, and the 
ſhell burſt either in the mortar or the dan and Ld no exe- 
ention- 1% 21 ; 

It is a query FR much powder is to be put into a hell, 
o as to make it burſt. in moſt pieces. It is agreed by 
moſt officers that they ſhould not be quite filled; one 
that has taken moſt pains to find it out. is of opinion. that. 


they ſhould be filled within one third part ot what Fey 
can hold. 


mw * 1 


e Nile a very ingenious n loſti in 


the Dodington ſome years ago going to the Eaſt- Indies, 
had found out a method. ſo that as ſoon as. the ſhell 


touched the ground it burſted; but being too mpdeſt a 
man, had not the affurance to propoſe it to the maſter 


general of the ordnance, whereby. the world was. deprived 
of a moſt vſeful ! invention. 
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1. the fuzes are to be kept for ſome time after they are. 
Grone the top muſt be covered with. a mixture of pitch 
25 roſin 1, and bees wax z, whereby no air can come to, 
the. campoſitan ; and it will keap: as "_ a8 e pleatk 1, * 


41 
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Now doe Sch ene ate at ect, the flight 
of the oblong are ſo uncertainz that they are quite laid 
aſide. The oompoſition is pitch 2, ſaltpetre 3, fulphur 1, 
and corned powder 3. When the pitch is melted, the 
pot is taken off, and che ingredients well mixed put in; 
then the carcaſs is filed with as much as can _ eg in. 


ks 


Light vn. to aſlrrper. be. Boeuf. a 
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Tbete abe various ſorts geſerbed, Somel ade of tow: 
dipped into a compoſition of ulphur, piteh, 'rofin; and 
turpentine; and worked up int a ball Others take 2 
ball of ſtone or iron, Which is covered with: ſeveral} coats 
of compoſition, much like that before mentioned, till of 
# proper ſize; the laſt cot is to be of gtained powder. 
But the beſt fort, in my opinion, is to make a ſhell! of 


paper the ſize of the mortar, and to fill it with a com- 


poſition of an equal quantity of ſulphur, pitch, roſin, 
and mealed powder; which being well mixed, and put 
in warm, will give a clear fire, Sr e burn a conliderable 
time. 4 STE IN 2&1 7, 
There are many more e things uſed: M che defence of a 


breach; ſuch as ſacks filled with powder, bottles, bar- 


rels. Kc. but as the chief intent of Alt theſe is to ſet fire, 
and blow up the aflailants, and whichevery u 


tleman may eaſily execute, we ſhall ſay no more here 
about them; our deſign being to inſtruct the young artil- 


leriſt in the effential parts of his buſineſs; and to make 


him maſter of theſe matters, he muſt work ihe ne 
tory 3 for practice 1s the beſt maſter, 


Fire ſhip, 
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Fireſhip, how to prepare it. 


From the bulk- head at the l to a bulkhead 1 to 
be raiſed behind the main ohains, on each ſide and acroſs 
the ſhip at the bulkheads, is fixed, cloſe to the ſhip ſides, 
a double fow of troughs, 2 feet diſtance from each other, 


with croſs troughs quite round, at about 2 feet diftance ; 


which are mortiſed into the 0 The crofs troughs 


lead to the ſides of the ſhip, to the barrels and to the 


port-holes, to give fire both to the barrels and the cham- 
bers, to blow open the ports; and the-fide-troughs ſerve 
to communicate the 2525 all along the P and the croſs 


troughs. 


The timbers of which the troughs are n are about 
5 inches ſquare; the depth of the troughs half their 


thickneſs, ſupported by croſs pieces at every 2 or 3 yards, 


nailed to the timbers of the ſhip, and to the wood work 
which incloſes the fore and main maſts, and takes in an 
oblong in the middle of the deck, extending to the out- 


fide of both the maſts, and in Feind! is near one half of 


the deck; and is what makes the carpenter's room for his 


ſtores. The decks and trapghs are all well paved with 
mel:ed roſin. 


On each fide of the ſhin are cut out 6 ſmall port holes, 


in ſize about 15 by 18 inches, the ports opening down- _ 
wards, are cloſe caulked up: againſt each Port is fixed an 
iron chamber, which, at the time of firing the thip, blows 
open the ports and lets out the fire. At the main and fore 


chains on each ſide is a wooden funnel fixed over a fire 


barrel, and comes through a ſcuttle in the deck up to the 


fhrouds to give fire to them; and between them are cut 


two ſcuttles on each fide the ſhip, which alſo ſexve to Jet 
out the fire. Both funnels and ſcuttles-muſt be ſtopt with 
plugs and have ſail - cloth or canyas nailed cloſe over them, 


to prevent any accident happening that way by fire to 
the combuſtibles below. 


The pert-hole, funnels, and ſcuttles, not ol ſerve 


0 Se the fire a free 55 paſlogs to the outſide and upper 


3 pars 


y | 
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parts of the ſhip, and its rigging, but alſo for the inward 
air, otherwiſe confined, to expand itſelf, and pyſh-through 


thoſe holes at the time of the combuſtibles being on fire, 


and prevent the blowing up the decks, which otherwiſe 
muſt of courſe happen from ſuch a ſudden and violent 
rarefaction of the air as will then be produced. 


In the bulkhead behind on each fide is cut a ſmall hole, 
large enough to receive a trough of the ſame ſize as the 
others; from which, to each fide of the ſhip, lies a lead- 
ing trough, one end coming through a ſally. port cut 


k through the ſhip's fide ; and the other, fixing into àa com- 
municating trough that lies along the bulkhead, from 
one {ide of the ſhip to the other, and being laid with 


quickmatch only, at the time of firing either of the lead- 
ing troughs, communicates the fire in an inſtant to the 


contrary ſide of the ſhip, and both ſides burn together. 
The communicating trough, which is fixed to the bulk- 


head, and the Trading troughs, : are be ſame fize as the 
others, | 


Manner of preparing Stores. 


Fire Barrels. 
The form of the barrels ſhould be cylindric, both upon 


the account of that make anſwering better for filling 


them with reeds, and for ſtowing them on board between 
the troughs; their inſide diameters are ſufficient, if about 


21 inches, and their lengths 33. The bottom parts are 


firſt filled with ſhort double-dipt reeds ſet on end, and the 
remainder with fire-barre] compoſition well mixed and 


melted, and then poured over them. 


There are 5 holes of 3 inch diameter, and 3 inches 


deep, made with a drift of that ſize in the top of the 


compoſition while it is warm; one in the centre, and the 


other 4 at equal diſtances round the fides of the barrel. 


When the compoſition is cold and hard, the barrel is 
primed by well driving thoſe holes full of fuze compo- 


| fition to within an inch of the top 3 then fixing in each 


hole 


e 
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' hole a ſtrand of quizkmatch twice doubled, and in the 
centre hole 2 ſtrands the whole length; all which muſt 
be well ſet or drove in with mealed powder; then lay the 
quickmatch all within rhe barrel, and cover the top of it 
with a dipt curtain, faſtened on with a hoop to ſlip over 
the head, and nailed on, _ | | ; 
The barrels ſhould be made very ſtrong, not only to 
ſupport the weight of the compoſition before firing, in 
removing and carrying them about, but to keep them 
together at the time they are burning; for if the ſtaves 
are too ſlight and thin, and ſhould burn too ſoon, ſo as to 
give way, the remaining compoſition would be apt to 
ſeparate, and tumble upon the deck, which would de- 
ſtroy the deſigned effect of the barrel, which is to carry 
the fire aloft. 


: Iron Chambers. 

1 They are io inches long, and 3. 5 in diameter; and 
breeched againſt a piece of wood fixed acroſs the port- 
holes, and let, into another lying a little higher; when 
loaded they are filled almoſt full of corned powder, and 
have a wooden tompion well drove into their muzzles 
are primed with a ſmall piece of quickmatch thruſt 
through their vents into the powder, with a part of it 
hanging out; and when the ſhip is fired, they blow open 
the ports; which either fall downwards, or are carried 
away, and fo give vent for the fire out of the fides of the 


ſhip. | x 


7 ; Ta Ws 
Curtains \ 
Are made of barras about à of a yard wide, and one 
yard in length; when they are dipped, 2 men with each 
a fork (on a ſhaft of the fame ſize, with 1 prong in each 
if made on purpoſe) muſt run each of their prongs through 
a corner of the curtain at the ſame end; then dip them 
into a large kettle of compoſition well melted ; and when 
well dipped, and the curtain extended to its full breadth, 

: LE 4 Whip 
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Whipiit between 2 ſticks of about 6˙8 feet long, and 1. 5 
inches ſquare, held cloſe by 2 other men to take off the 
ſuperfluous compoſition hanging to it; then immediately 
ſprinkle ſaw-duſt on both fides to Ove its Han 
and the curtain is finiſhed. 2 


N. B. A copper fixed with a furnace is 3 better 

| than a kettle that is not fixed, becauſe it muſt be 

taken eff from the fire for every dipping, to prevent 

the ſtripped off compoſition from falling into it, 

- .. Which would unavoidably give fire to the whole; and 
17 renders the, uſe of, a kettle tedious that Wks as 


Reeds. 


Are made into ſmall bundles of about 12 inches in cir- 
cumference, cut even at both ends, and tied with 2 bands 
each; the longeſt ſort is 4 feet, and the ſhorteſt 2.5; 
which are all the lengths that are uſed. 1 part of them 
are fingle dipped, only at 1 end; the, reſt are double dip 
ped, that is, at both ends. In dipping, they muſt be put 
about 7 or 8 inches deep into a copper or kettle of melted 
compoſition; and when drained a little over it, to carry 
off the ſuperfluous compoſition, ſprinkle them over - a 
tanned hide with pulverized N at ſome lente 
_ the ers . ++. 


| Bavins 5 
Are made of 1 or other ſort of bruſh-wood, 


that is both quickly fired and tough; in length 2.5 or 

3 feet, the bul ends all laid one way; and the other ends 
tied with 2 bafids each. . dipped and ſprinkled 
with ſulphur the ſame as ree nly that the buſh-ends 
alone are dipped, and ſhould be a little cloſad together 
by hand as ſoon as done, before they are ſprinkled, to 
keep them more cloſe, to give a Rronger fire, and to 


keep the branches from brecking off 1n ſhifting and 
handling them, N 


Diſp oſition 
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Diſpoſition of the Stores on board, when 
947. laid for firing. 


The fire-barrels are placed under the funnels and ſcut- 
tles, 1 to each; and are fixed between the croſs troughs 
leading to the ſides of the ſhip, and laſhed to them, and * 
well cleeted to the deck. Thoſe at the funnels give fire 
to the main and fore ſhrouds ; the reſt riſe over the deck 
through the ſcuttles. The plugs muſt be taken out of 

the funnels and ſcuttles before the ſhip is fired, and the 
curtains covering the fire-barrels cut open and rolled back, 
the quickmatch ſpread, and the top of the barrels well 
ſalted with priming compoſition. The curtains are nailed 
to the beams of the upper deck, hanging down over the 
troughs, bavins, and reeds. 1 I 

The priming compoſition; a part of it is laid along the 
troughs, and the reſt, after laying of the reeds and bavins, 
is regularly ſtrewed over all. The ſhort reeds double 
dipped, with ſome of the ſingle dipped. are laid along 
both the fides and eroſs troughs, and communicate the fire 
both to the barrels and chambers. The reſt of the fingle 
dipped reeds and bavins are ſet about the fire barrels, 
and to the ſides of the ſhip; and ſome flung upon the 
4 0 PEST 177 1 
The quickmatch is laid 2 er 3 ſtrands thick upon the 
reeds in the troughs, and about the fire-barrels and cham- 
bers, to communicate a general fire at once. The reeds 
än the treughs with the quickmateh are laſhed on, to 

prevent their falling out by the rolling ef the ſhip. | 

The leading troughs are both laid with 4 or 5 ſtrands 
of quickmarch; as is likewiſe the communicatinꝑ trough, 

that by firing either of the leading troughs, the com- 
municating trough may carry the fire to the other fide of 
the ſhip; which then runs along the troughs by the quick - 
match on both fides, and gives fire to the whole in an 
inſtant. AE ATR VT Si 3 j 


The 
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The Compoſition made uſe of 57 Cur- 
tains, Reeds, and Bavins, are all the 


fame, viz. 
K Pitch 30 
. . d N. B. For want of tar ke 3 I, of 
Tallow 0 tallow, | 100 
Fire-Barrel Compoſition for one Barret: 
Corned powder 7 lb. 120 
Pitch — ——— ä :ũ — 60 
Tale —— c deer — 15 "IE 


Divide the compotitibn into 5 pot z the pirch an tal. 

low) muſt be firſt thoroughly melted. Tallow well the 

outſide of the pot to take off the heat; and then put in 
the powder by ſmall tee flirriog it well about. 


Priming Compoſition for one Barrel, 


Corn powder * 100 
Petre — — 30 
Sulphur — — — 4e 
Oil — — — | pints 3 


Take 20 lb. of powder, which mix well with the per 
tre, ſulphur, and roſin; work them well together, break- 
ing it well in working; then put the reſt of the powder 
in by degrees, and work it all together: ſpread it in 2 
trough, and through a hair ſieve run 3 pints of oil all 
over it: then work 1 it well together, and run it it through a 
cane hev e. 
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N. B. In the following eſtimate for the quantity of 
| ee requiſite, the reeds for the barrels are not 


— — —— 


included; it will take 100 ſhort double dipped more i 

than theſe ſpecified ; but their value 1s included 1 in þ 

- the article * barrels. 255 | 

5.6 Þ 

1 

Stores for a Fireſkip of I 50 To ons. | 
| Numb. Vale. 5 
W . * + 
Fite barrels 2 W 8 — 80: 0:0 
c 00 
Priming compoſition barrels 31 — 21: 0:0 
Quickmatch barrels — 1 — 3: 0:9 
Curtains dipped — 30 — 3: 0:09 
Long reeds ſingle dipped — 150 —t io: 15: 0 
double dipped 75 —— 2: 18:9 
Short reeds ſingle dipped 7% + tas 8 
Bavins fingle — — 209 — 10: 0: o 
144 111: 


Quantity of Compoſition for preparing the 
Stores of a Fireſhip. 


fe 8 


pe- ſculpſcorn pit ro- tal tar oil | 


e. pow. x, jb fin o | pts. 
For 8 barrels — Joo 9600480 o 800 o | o 4 
| | | 1 
For 3. 5 barrels of priming | | | 
compoſition — 1751140] 350] © | 21} of o 11 


For the curtains, bavins, FE: 1 | ' 
and reeds for the ſhip, 190 1 
and ſulphur for falting | | 14 ES: 
them — = lo zd of 350075 500 250 


— — — — 


Toni — 17507 340 227820172035 — 1 


Total weight of the compoſition 3017, equal to | 
C. 28; LS | 1 


12 Compoſition 


r 
* - 8 


— 


Sen. +. 
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Compoſition allowed for the reeds: for the barrels 


one fifth of the whole of the laſt article, which is equal 
to 163 lb. and makes the whole 3177 PRs; or 


Aan: 235 ::* 

We have completed the en! branches of the Art of 
War, in eight volumes in octavo, as promiſed. We have 
done all that hes in our power to treat them with perſpi- 
cuity and clearneſs; in order to reduce the whole to as 
ſmall a compaſs as poſſible, for the ſake of thoſe military 
gentlemen who have an inclination to be maſters of their 


buſineſs in a ſhort time. We could not enlarge upon 

every particular ſo much as might be neceſſary; yet who- 

ever renders himſelf maſter of what we have ſaid, will 
Is find that W very material has been n 
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Þ! 7 | To which is added, 


M. VALLIERE« on a Countenans, 


DEL 25 " | Les LH 


His work! is, to ſhew, the TOAD of n miners in o gene. 5 


ral, in regard to the effect of powder confined in 
mines, and to eſtabliſh the true theory of mines, upon a. 


ſolid foundation; which being likewiſe confirmed by ma- 
nx unexceptionable experiments, cannot fail of meeting 
with the approbation of every unprejudiced reader: as to 
thoſe who find fault with every thing new, that ſeems to 


contradict an old eſtabliſned opinion, though ever ſo erro- 


neous, their cenſures will not be regarded; nor will any 


objection whatever be admitted, unleſs ſupported by welt 
atteſted. experiments. 


If you imagine a large globe of earth homogeneous! in 
all its parts, and a certain quantity of powder lodged in 


S 


its centre, ſo as to produce a proper effect without burſting 


the globe; by ſetting fire to the powder, it is evident, 
that the exploſion will act all round, to overcome the 
| obſtacles which oppoſe its motion; and as the particles 
of, earth. are porous, they will compreſs each other in 
ebe as the flame increaſes, and the capacity of 
he chamber increaſes, likewiſe. But the particles of 
—_ next to the chamber will communicate a part of 
their motion to thoſe next to them, and thoſe to their 
neighbours; and this communication will thus eontinue 
in a decreaſing proportion, till the whole force of explo- 
ſion is entirely ſpent, and the particles of earth beyond 
thin wil remain in the ſame ſtate as they were. The 
Particles 
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particles of earth that have been acted upon by the force 
of exploſion will compoſe a globe which M. Belidor calls 
the Globe of Compreſſion. | 
The foregoing experiment is eaſily comprehended; but 
when powder is lodged in a mine, where the weight of 
the earth in the line of leaſt reſiſtance, is leſs than at the 
fides and underneath, it ſeemingly, appears, that as ſoon 
as the force of exploſion reaches the ſurface of the ground, 
it would throw up a certain quantity of earth, and leave 
| a hollow in the form of a fruſtum of A cone, With no other 
effect upon the ſides or bottom; as likewiſe, that when 
the mine is overcharged, che baſe of the excavation, in- 
ſtead of increafing, would rather diminiſh, becauſe the 
force of exploſion being greater Would ſooner reach the. 
extremity of the line of leaſt reſiſtance: it is in this light, 
that all practical miners have hitherto conſidered the 
action of powder lodged in mines; and from thenee con- 
cluded, that a certain charge will form an excavation, 
whoſe greateſt diameter ſhalt be double the line of leaſt 
reſiſtance; a leſs quantity raiſe the earth only d little, and 
a greater throw the earth up higher, and diminiſh the 
diameter of the excavation inſtead of increaſing r. 
As abſurd as ſuch an opinion may be, that a greater 
force produces a leſs effect than a more moderate one; 
yet it has prevailed amongſt all the practical: niners in 
Europe; without confidering that there may be phyſſcal 
cauſes in nature, with which they were unacquainted, and 
that no theory of this kind ſhould be admitted unlefs 
ſupported by well atteſted experiments. 
n N Belidor made ſeveral experiments with various 
charges at la Fere, from which it appeared, that the 
greateſt diameter of an excavation may not only be made 
double, but treble or quadruple; yet ſome old "miners? 
of note, who were preſent, could or would not believe it, 
though they had ſeen it, much leſs thoſe who were abſent. 
Theſe experiments ſhewed that the diameter of the exca- 
vation could be made greater than was imagined; but 
for what reaſon, was not hitherto known, till M. Belidor 
demonſtrated it, in the Memoirs of the Academy of Sci- 
| | ences 
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ences. at - Paris, in 1702, from which this Work has? 


been extracted. 8 ET of 


To explain the reaſons on which the principles of mides 
are grounded, it is neceſſary to conſider not only the 
reſiſtance which the weight of the earth and the cuhefion 
of the parts make againſt the foree of exploſion, but 
likewiſe the preſſion of the atmoſphere, Which is ſo 
great as to counterbalance a column of water of the 
fame baſe, and whoſe altitude is 33 feet, which anſwers 
nearly to a height of a middling ſoil of about: 22 feet: ſo 
that if the line of leaſt reſiſtance of a mine is 10 feet, the 
force of exploſion muſt not only overcome the weight 
of 10 feet of earth above it, but 3a feet, properly ſpeak- 
ing. It is to be obſerved, that this weight reſiſts the 
force of exploſion no longer than till the mine burſts, and 
the exploſion gets a communication with the air, e, 
then the Pee of the air adhſes.< C ob 6 

Plate L fig. 1. As the powder does not fire all at 
once, but gradually 5 ſo the force of exploſion increaſes 
proportionally, and condenſes the earth all round in a 
ſpheric form. as has been obſerved, till this force over- 
comes the reſiſtance of the earth and atmoſphere, Which 
cannot happen before the earth riſes in the middle into a 
ſpheric form, and the radius (C A) of exploſion extends to 
8 ſurface (A B) of the earth; and then the ben See get- 
ting a free communication with the air, raiſes the earth to 
acopfiderable height, and forms an excavation of a curve- 
lined figure, ſuch as A h B; the point C repreſents the 


centre of the powder or chamber. ö 


It is a known principle, eſtabliſhed by facts, Ba the” 
force of explofion is always proportional ro the quantity 
of powder fired; and as the force of exploſion acts in a 
ſpheric form, and ſpheres are as the cubes; of their radii, 
it. is evident, that the forces of exploſion, or the quanti- 


ties of powder fired, are proportional to the cubes, of cheir 


radii... _ * J -} 110 


This proportion will always bold good in an torn 
ſoil, but varies according to the denfity : and if the cham- 
ber of a mine be placed on a rock, or ſome other hard 
ſubſtance, the diameter of the excavation will be greater 


than 
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than it would have been otherwiſe; becauſe the force of 
exploſion being reſiſted downwards, will act with a greater 
violence towards the ſides and upwards. A mine placed 
in a ſoil of a greater denſity and tenacity than anorher of 
the ſame depth, requires a greater charge in proportion; 
but it muſt be obſerved; that the tenacity is not propor- 
tional to the ſurface of the excavation, as M. de Valliere 
_ and ſome others: ps but to the ſolid itſelf, as we 
have ſhewn in page 221 of dur Fe Meter we treat 
of the proper 4 of mines. . 
Jo ſind 21 proper charge of a mine in 5ny Gol, 0 4910 
ce a given diameter, an experiment mine muſt be 
made: in the ſame ſoil, ſufficiently charged, fo as to produce 
a proper effect, and the line of leaſt refitance exactly mea- 
\ ſured, as well as the diameter of the opening, by which 
the radius C A of the globe of compreſſion wilt be found: 
then ſay, be cube of the radius of the plobe cf campreſſion 
Found by the experiment, is to the cube if the radius of the 
Propoſed mie, as the Oy of the ae ano mine i 10 70 "we . 
charge required. 

And to find the dameter of a mine ahoſs: derte h 
given, ſay, the charge of 'the experiment mine is to the jv 
charge, as the cube of 'the'radius of the fin is to ibt cube of” 
the radius of the ſeconds From whenee' the diameter re- 

quired is found by this equation, C ACD AD. 
* Amongſt ſome mines made at la Fere, one was dinge 
with ws; a and, another with zoolb. the line of leaſt 
L  refiſtance of both Was 10 feet: the diameters being mea · 

ſured, the firſt was found 20 feet, and the ſecond 2; 

Now to find this laſt diameter by the theory, add the 
| ſquares of 10, the line of leaſt reſiſtance, to the "oY 
| of 10, half the diameter 20, which gives 200, for the 
2 of the radius whoſe cube is 2828: then 170: 
2300: 2828: 4990; this fourth term is the cube of the 
of the ſecond mine, whaſe root is 17: and if 
from the ſquare 289 of this root, the ſquare 100 of the 
line of leaſt reſiſtance be ſubtracted, the ſquare root of 
the difference wilt be 13. 7 and 27.4, twice this root, the 
| diameter 
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diameter required: which. is nearly the ſame as has been 
found by the experiment. 7H 

Let a mine be loaded with 980lb. in the ſame ſoil, and 
the line of leaſt reſiſtance 15 feet: then 170: 980: : 2828: 
10302: for the cube of the radius, and its logarithm 
4.2 1224, multiplied by 2, and divided by 3,gives 2.80826; 
for the logarithm of the ſquare of the radius, which an- 
ſwers to the number 643, from which ſubtracting $16, 
the ſquare of the line of leaſt reſiſtance, and taking the 
ſquare root of the difference 418, we get 20.4, and 
twice that number gives 40.8, which exceeds 40 feet 
2 inches, found by experiment, by about 5 inches. 

Having made another mine in the ſame ſoil, loaded with 
3600lb. of powder, and of the ſame depth, viz. 15 feet, 
the diameter was found to be 70 feet: now if 170: 360: ; 
2828: 59887, this fourth term is the cube of the radius, 
whoſe logarithm, 4.77733, multiplied by 2 and divided 
by 3, gives 3.184888 for the logarithm of the ſquare, 
which therefore is 1530; from this ſubtracting 225, the 
ſquare of the line of leaſt reſiſtance, the ſquare root of 
the difference 1305 will be 36, and twice this number 
72 the diameter; which is 2 feet more than that found 
by experiment. 

M. Belidor, finding the diameters of mines loaded wih 
great charges, greater by computation than by experi- 
ments, imagines that it was owing to the cubical cham- 
bers, by which the quantity of earth above them is leſs 
in proportion than in ſmall ones: but whether this rea- 

ſon is juſt, or that the diameter and the line of leaſt re- 
ſiſtance have not been rightly meaſured, is not certain; 
for a friend of mine found the contiary in ſome ve ac- 
curate experiments he made. | 
Having given an account in page 232 of o our Attack, 
cf ſome experiments formerly made at la Fere, and c: m- 

puted their diameters from the parabolic figure, we ſhall 
here compute the ſame diameters from the globe of com- 
preſſion. The firſt was loaded with 120, the ſecond 1 60, 
the third 200, the fourth 240, the fifth 280, the ſixth 320, 
and the ſeventh with 360: the line of leaſt refiſtance was 
wh _ 10 feet 


* 
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10 feet in all of them; the diameters were found to 
he, 1K, 22 2, 2d, 26, id, 29, 4th, 314, 5th, 334, 6th, 
36, ;th, 36 feet. Now taking the diameter of any one 
as known, for example, that of the ſecond 26, whoſe 
globe of compreſſion will be found to be 441: ; then as 
the globes of compreſſion are proportional to the charges, 
they will be, 1ſt, 3309; 3d, 55153 4th, 6618; 5th, 7721; 
6th, 88243 7th, 9927: the ſquares of their radii, iſt, 
223.05; 3d, 312.15; 4th, 352.49; 5th, 390.64; 6th, 
427.02; 7th, 461.9; and the radii of the baſes, iſt, 
11.05; 3d, 14.50; 4th, 15.88 ; 5th, 17.04; 6th, 18.08; 
Ith, 19.02; whence the diameters are, 22.1; 29.12; 31.76; 
34-08; 36.16; 38; which ſhews that the greateſt dif- 
ference between the meaſured and computed diameters is 
not above 6 inches. 

The near agreement between the diameters, computed 
from theſe two different methods, ſeemingly ſo different, 
appears extraordinary. I found beſides, in computing 
large tables by both of them, that one gave the charge 
ſomething greater than equal, and afterwards leſs than 
the other; but the differences were immaterial. 

We have hitherto computed the diameters of mines 
from their charges; we thall now give ſome examples to 
ſhew how to find the charges, from the given diameters. 
Thus a mine made in the ſame ſoil as the laſt ſeven, whoſe 
line of leaſt refiflance is 10 feet, it is required to find the 
charge ſo as to make a diameter of 40 feet: the ſum of 


the {quares of the line of leaſt reſiſtance 10, and half the 


diameter 20, gives 500 for the ſquare of the radius of the 
globe of compreſſion ; ; and the ſquare root 22.36 of 500, 
multiplied by 500, gives 111t0 for the globe of com- 
preflion ; then the globe of compreſſion 412 of the ſe- 


cond mine, is to the globe of com preſſion 11180, as the 
charge 160 of the experiment mine is to the charge re- 


quired, which will be 40 fl b. nearly. 
Let a mine whoſe line of leaſt reſiſtance is 10 feet be 
loaded with 1;o0lb. of powder, and have a diameter of 
20 feet; it is propoſed to make another in the fame ſoil, 
- whole line of leaſt reſiſtance is 15 feet, and its diameter 


70. 


1 . 1 1 


70, to find its charge. The ſquare 1225 of half the dia- 
meter 70, added to the ſquare 225 of the line of leaſt 
reſiſtance 10, gives 1452, whole root is 38 nearly; and 
1450, multiplied by 3%, gives 55100 for the globe of 


compreſſion, and as the globe of compreſſion of the 


experiment mine has been found above to be 2828, we 


have'2828 : 55100: : 170: 3312Ib. of powder for the 


charge required, 


M. Belidor lays, to ſhew the: application of the globe of . 


a cnn wh in the defence of - places, I ſhall explain the 


planes and profils of countermines made at la Fere, to blow. 


up the beſiegers cannons, and throw them into the ditch, 


rogether with anocher PET, which threw the can- 
nons into the fortification. 


It is well kncwen, that when once the beſiegers have 


eſtabliſned their batteries near the covered way, to make 
a breach in an out work, or the body of the place, they 
become practicable in 2 or 3 days, then the beſieged 
are obliged to ſurrender; ſo that the only reſource remain- 
ing to them, is to wvtard the finiſhing theſe batteries as 
much as poſſivie, by all the ſtratagems that can be ima- 
gined; but nothing diſconcerts the beſiegers ſo much as 
the deſtroying them by countermines, and to throw the 
cannons into the poſſeſſion of the beſieged. 

Every time that batteries have been deſtroyed by 


countermines, the cannons have been thrown into the | 
trenches, becauſe the reſiſtance is greater on the ſide of 


the parapet than on any other; but when the ſame ground 
is blown up ſeveral times, the chambers may be fo diſ- 
poſed, that when the beſiegers have re-eſtabliſned their 


batteries for the ſecond or third time, the cannons may 


be blown towards the place; becaufe the earth to fill 
up the excavetion having much leſs tenacity than the 
former, that tide which was the ſtrongeſt becomes the 
weakeſt. | 

By following this method, I have in 1724 conſtrued 
countermines under the placis of the polygon at la Fere, 
to blow up the batteries 3 to be erected by the be- 
begers three times. 


M 2 | Plate 
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Plate I. Fig. 2, 3, 4. The firſt chamber C, blew up 
two 24 pounders towards the trenches as uſual: the bat- 
teries being re-eſtabliſhed, the chamber D threw the can- 
nons intotheditch : the batteries being re-eſtabliſhed again, 
the chamber E threw the cannons again into the ditch, 
to the great ſurpriſe of the ſpectators, eſpecially to ſome 
of the miners, who expected quite the contrary. For it 
vas the firſt time that this method had been practiſed ex- 
cept at the fiege of Turin in 1706, where by. chance .one 
of our pieces was thrown into the covert-way, which 
the beſieged carried in triumph into the town. 

As ſuch an advantage 1s extremely proper to raiſe the, 
courage of the garriſon, and to diſcourage the beſiegers, 
by the length of time to re-eſtabliſh the batteries, we 
thought we could not ſhew better our attachment to his 

majeſty's ſervice, than endeavouring to improve this 
branch of the countermines, in ſuch a manner, that the firſt 
mine, called fougaſſe, having only eight or ten feet of 
the line of the leaſt reſiſtance, may throw directly the 
enemy's guns into the ditch of the place, and even into 
the work, in order to make uſe of them againſt him. 
This method may be uſed in places which have wet ditches 
as well as the dry; fince by finking only 3 feet under the 
level of the covert way, the height of the banquet and 
parapet give 7 feet more, this makes a ſufficient line of 
leaft refiſtance to blow up a battery. If 8 feet can be ſunk 
inſtead of 3, the battery may be twice blown up, and 
a third time if 13 or 14 feet can be ſunk. The queſtion 
js then to throw the cannons the firſt time into the ditch ; 
for after that, there is no doubt but it may be done again as 
often as the enemy attempts to raiſe them, and the depth of 
the ground will allow it. 

This project being ſent to court, was ordered to be 
put in practice in 1739 ; for which reaſon a battery was 
raiſed in all its forms, for two 24 pounders. Under 
the middle of which a gallery F G, fig. 5, 6, was 
made from the foot T, of the banquet of 20 feet long, 
from which 2 branches GH, Gl, were made, each of them 
7 feet long, to place the chambers AA, whoſe lines a 

| lea 
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leaſt reſiſtance was 7 feet only, being under the axle- trees 
of the pieces; the gallery was continued in a ſlope, to 
make from thence 2 other branches K L, K N, in the 
ſame manner as the preceding, but lower, to place 
the chambers B, B, whoſe line of leaſt reſiſtance was 
10 feet, and at the ſame diſtance from the former A, 
taken horizontally, in order to have the right angled 
iſoſecles triangle BD C, fig. 5, whoſe hypothenuſe B C, 
ſhews the direction of the action of the powder, 

'The intent of the little chambers A, A, being to over- 
come the tenacity of the ſoil, without any other effect, 
* were charged each with 20 pounds of powder only, Where. 
as the others B, B, were each charged with 600 pounds. 
The length. of the leaders were contrived fo as the fire 
being ſet to it at F, it went to G, and from thence to 


the chambers A, A, and to the point K at the ſame time, 


and to the Sambers B, B, in a few ſeconds afterwards : 
the firſt, A, A, having produced a proper effect, the 
ſecond B, B. met with leſs reſiſtance towards the wheels 
of the carriages than towards the trail, raiſed the pieces 


to about 40 fathoms, and then threw them 35 fathoms 


from the battery into the ditch. 

The effect of theſe mines was much greater an ex- 
pected, even by thoſe Who had the moſt favourable opi- 
nions, from the bare expoſition of the project: the moſt 
expert in mines at la Fere were more ſenſible than ever of 


the certainty of the principles eſtabliſhed in our theory, 


and of all the advantages that may be obtained from the 
globe of compreſſion. 
Though the centres of the two chambers 1 were 18 feet 


from wy other, they yet produced but one excavation 


of an elliptic form, whoſe greateſt diameter was found 
to be 45 feet, and the leaſt 27; the depth 18, and the 
bottom hut cleared, without hurting the parapet of the 
covert way. If then 2 mines produced ſo great an ex- 


cavation, to what extremity will the befiegers be reduced 


if a battery of 10 or 12 pieces was blown up: for where 
will they find earth enough to fill up an exeavation of 35 
or 40 fathoms in length, 5 in breadth, and 1 5 feet deep ? 
15 M 3 What 
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What time will be loſt in repairing all theſe damages ; ' 
ar d what deſtruction there muſt be amongſt the ſoldiers, 


from the fire of ſhells, carcaſſes, and granades, 'conti- 
nually thrown into ſuch a confined Place! 


| Experiments made at Bis T in july, 1753, 


by order of the French King, together 
with their Uſe in the Attack of Places. 


HE intent of theſe experiments was to render uſe- 
leſs the countermines of a beſieged town, by 


' burſting the galleries all round, above and below, to a 


certain diſtance, or to change theſe galleries into fo many 


trenches, by which the covert-way may be taken at 
once with very little trouble. His majeſty being in- 


formed of theſe means, ordered that experiments thould 


be made near the caſtle of Biſy, belonging to the duke 
of Belleiſle. In conſequence of which, a detachment 


of 75 miners, with their oficers, was ſent there from 


the artillery ſchool at la Fere. The work begun with 
what belongs to the globe of compreſſion; a ſoil had 


been pitched upon the moſt uniform that could be found, 


which happened to be a hard ſand, mixed with gravel ; 
there were made 4 galleries, A, B, C, D. fig. 5, 3 feet 


wide, and 6 high, ſo as to form A rectapgle; whoſe 


| fides anſwered nearly to the 4 cardinal points: the 2 op- 


poſite ones A, B, which faced the north and ſouth, were 
each 10 fathoms long, and the other 2 C, D, which 


faced the weſt and eaſt, 12 fathoms; they were lined 
with ſtones, in order to ſhew that maſonry was rather 
an advantage than an obſtacle to the effect of powder: 
the bottom of theſe galleries had a ſlope of 6 feet 3 in- 


ches, and the mean depth was 15 feet under the ſur- 


face of the ground, which terminated in a deſcent from 


ſouth to north, between the interval of the galleries of 
that name. 7 th that to the eaſt, C, a branch, L K, was 
made at right angles of 24 feet long, and at K another, 
K F, at right angle to this, to place a chamber, E, 30 
feet diſtant from the gallery 36 from P, and 42 * 
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— The other galleries were made by means of 2 ſhafts 
or pits, M, I, the one M, to the ſouth was 16 feet deep, | 
and the other, I, to the horth 20. 

When theſe galleries were finiſhed, the laſt pit, I, 
was deepened nine feet more; fo that the bottom Y, 
fig. 8, was 29 feet below the ſurface of the ground 
near the chamber. After this a gallery, XX, was made 
going directly under the chamber E, with a deſcent of 


18 inches, and 5 feet high, by which its top was 14 feet 


below the centre of the chamber E, the whole ſup- 
ported with ſtrong planks of oak, and ſtill in the ſame 


ſort of ſoil as mentioned before, Hutt ſo hard, that the 


miners were obliged to uſe the chifſels. Such was the 


diſpoſition made ro what belonged to the globe of com- 


preſſion; whoſe object was to lee whether it would burſt 
all theſe galleries, 


As it does not appear natural, that a mine, whoſe 


effect ſhould be on the weakeſt fide, would burſt galle- 
- ries at a dittance of 4 times the length of its line of leaſt 


reſiſtance, it is no wonder that Tt ſhould have been 
doubted ; though the experiment made at la Fere in 
1732, ſhould have been a proof of it, as the fact was 
eſtabliſhed upon the preceding theory, yet the miners 
were not convinced, pretending that the powder had 
penetrated between the foft ſoil and a bed of ſtrong clay, 


ſo far as to burſt the gallery. it was Plain, that by ad- 


mitting this theory, the old, and all its conſequences, 
muſt of neceffity be rejected. I kept filence upon this 


article till 1953, when, in a diſcourfe which T had the 


honout to make to his majeſty on the effect of powder 
in mines and fire-arms, he ordered immediately that I 
ſhould be furniſhed w ith means to make farther exp-- 
riments, which are thoſe I have now defcribed. | 
The 1%th of June, the count d'Argenſon, who ar- 
rived the night before at the duke of Belleiſle e's, at the 
caſtle of Biſy, with ſome general officers and other per- 


ſons of quality, who came there out of curioſity, went 


early in the morning, to viſit all the works of the mines; 
after this fire was ſer to the globe of compreſſion, w hich 
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had been loaded the night before with 3000 lb. of pow. 
der: it raiſed the earth to about 150 feet high. They 
then went to ſee whether it had deſtroyed the galleries 
about it, as well as thoſe underneath, and to what di- 
ſtance the globe of compreſſion had acted; ; it was found 
that it formed an excavation perfectly round of 66 feet 
diameter, and 17 deep. 

The eaſt gallery C, lined with maſonry, and at 24 
feet diſtant from the rags: was entirely burſt from 
one end to the other. 

The ſouth gallery A, at 30 feet diſtant from the 
chamber, was equally burit from one end to the other, 
except 2 fathoms near the entrance M, at the weſt. 

The weſt gallery D, of 12 fathoms long, and 36 feet 
diſtant from the chamber, was deſtroyed to the Brooch of 
7 fathoms, 3 fathoms were left hear its entrance at the 
north, and 2 fathoms on the other end. 

The north gallery B, which was 10 fathoms long, 

and 42 feet from the chamber, was deſtroyed all but 
2 fathoms at its entrance at the weſt, ſo there was 8 fa- 
thoms impracticable, which were divided into 2 equal 
parts by the perpendicular drawn from the centre of the 
chamber to that gallery. 

As that line formed a right-angled triangle, with balf 
the gallery deſtroyed, whoje hypothenuſe is 48 feet; 
which hypothenuſe is the radius of the globe of comprei- 
ſion; this ſhews that the globe of compreſſion would 
have deſtroyed a gallery at that diſtance, and conſequently 
quadruple the line of leaſt refiſtance. 

The gallery Y, Z, 8, fig. 8, which paſſed under the 
chamber E, whoſe top was 14 feet from it, and length 
69 feet, could not be entered farther than the length 
Y Z of 24, feet, ſo that 45 feet of it was defiroyed; 
as the extremity of this gallery was 9 feet beyond the 
centre of the chamber, it appears that there remains 
60 feet from the middle to the entrance, and as there 
were 24 feet not deſtroyed, there remained 36 deſtroyed 
on that fide, which taking for the baſe of a right-angled | 

triangle Z S E, and the perpendicular E 8 being 14 mM 
| the 
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the hy pothenuſe E Z, is found to be 38 feet, which 


therefore is the radius of the globe of compreſſion: ſo 
that it would have deſtroyed a gallery whoſe top had 


been at that diſtance under the mine, conſequently 
50 feet under the ſurface of the ground, which is the 
greateſt diſtance that a gallery can ever be made. Theſe 
are facts yet extant, and which may be verified upon 
the ſpot. 


From hence it follows, that if the line of leaſt refiſt- 
ance had been 15 or 16 feet inſtead of 12, the globe of 
compreſſion would have deſtroyed a gallery at 60 feet 


\ diſtant from the centre of the chamber; conſequently 
if the chamber was placed at that depth, and nearly in 
the middle between two liſtning galleries, whoſe diftance 


is generally from 15 to 24 fathoms, it would have burſted 


both the envelope and all thoſe under and above them, 
by increafing only the quantity of powder in proportion. 
This proves the great uſe that may be made of the 


globe of compreſſion, in the attack of a place counter- 
mined. 

It has been found, that to make uſe of the globe of 
compreſſion in a common ſoil, the chamber ſhould be 
made upon the ſame level with the galleries, and its 
greateſt diſtance be about quadruple its depth nearly ; 
then the diameter of the excavation will be about 
ſextuple that line. And to find the charge, multiply 


3 times the line of leaſt reſiſtan ce, exſ reſſed in feet by ioo, and 
the product will give the number of pounds of powder for the | 
charge required. For example, having 2 or 3 contiguous 


galleries, 15 feet deep, at a diſlance not exceeding 60 \ feet; 
make a ſhaft in the moſt convenient place, and from 


thence carry a branch to eſtabliſh the chamber: then 


3 times 15, the depth of the mine, multiplied by 100, 
gives 4.500 lb. for the charge of this mine. From this 


rule it appears, that the true charge of the globe of com- 


reſſion at Biſy ſhould have been 36co lb. for a line of 
[aſt reſiſtance of 12 feet, then the diameter of the exca- 
vation would have been 52 feet inſtead of 66, and in 
that caſe the welt gallery would have been deſtroyed to 
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the quadruple of the line of leaſt reſiſtance, as already 
mentioned. The reaſon for charging the mine of Biſy 
with 3000 lb. only, was to prevent ſome houſes near 
it, from being damaged. This rule for charging mines 
is not founded on any exact theory, but is Tuſcientty 
exact, becauſe it is better in this caſe, to make the 
charge greater than leſs. | 
While part of the miners detachment was occupied 
in what belonged to the globe of compreſſion, the other 
was at work to conſtruct a place of arms of a covert-way: 
to countermine it; in order to change them afterwards 
into trenches of a fiege. and to furniſh means of a new 
kind of experiments. This place of arm traced ſuch as 
one in a real fortification was found to be in a moſt un- 
grateful ſoil, for the bottom was of a very hard free 
ſtone, that could not be penetrated without blowing it 
up; and it was covered with a ſtrong clay, which ap- 
peared to be againſt the intended experiments; but as it 
would have been looked upon to favour the experiments, 
by changing the ſituation, it was thought proper to con- 
tinue the work in that ſoil which had been pitched upon 
by chance, ſo that if they ſucceeded in this, there would 
be no doubt of their ſuccels in any other. 


Plate II. Fig. 32. At the depth of 12, 13, 14, and 
15 feet, were made a gallery magiſtrate 1, 2, 3; an 
envelope 4 7, at the foot of the glacis; 2 traverſing, 
1, 4 and 3, 7; and 2 /iftner, g, 8 and 6, 9; all being 

5 feet high, and 3 broad. This work being finiſhed, 
a 1 B C, was made in the uſual form, which croffing 
one of the liſtners, and within about 4 fathoms of the 
other, as happened by chance. The 16th, the befieged 
miners intending to deſtroy this head of the ſap, ſet fire 
to the mines A, B, carried from the liſtner at the right. 
The ſecond mine B, which was 10 feet deep, formed 3 an 
- excavation of 27 feet diameter, in Which the miners 
entered to diſcover the gallery, cleared it, and from 
. thence entered into the Ts which was done in 
5 hours. 
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The 1 th, the beſiegers intending to deſtroy, at the 


ſame time. and by the ſame fire, the liſtner of 20 tathoms, 


the envelope of 24, and 12 of the traverſing ; in order. 


to which, they begun at the right to place ſand bags 


betore them ſerving as, a retrenchment, then placed the 


leaders and put ten barrels of powder in two heaps at 
the end of the traveriing gallery; 16 in 4 heaps into 
the envelope, and as much into the hſtner ; and ſtopped 


up the entrance at the excavation: all this work Was 


finiihed in 7 hours. 

The count d' Argenſon being arrived, the beſieged 
miners ſet {ire to he mine C, at the left, which the 
had loaded with 200 lh. of powder, in order to deſtroy 
the ſap on that fide. The beſiegers miners entered into 
the excavation to diſcover the gallery; in the mean 
time the beſieged ſent 2 miners, followed by lord Mel- 


ford, out of curioſity, to obſerve the beſiegers, who 


being arrived at the envelope, the ſmoke of the leader 

was 1 great, that they could proceed no further; then 
etired in haſte into the freſh air, to recover from the 

fulÞ>eation they were affected with in the attempt. 

An hour after, the ſame lord, with a ſerjeant and a 
corporal, entered a ſecond time into the gallery, to ſee 
whether they could advance farther, but found the 
fench of the powder {till worſe than the firſt time; for 
attempting to go into the liſtner, they ſwooned away, 
and would have died, had they not been carried out di- 
rectly, eſpecially the corporal, who did not recover in 


24 hours. This example ſhews, that the miners have 


not a more cruel enemy than the confined ſmoke of pow- 


der; for if they are in it during a few minutes, faint. 


away, and die if not properly ſecured. 1 

Alfter this event, fire was ſet to the leader on the ri ht, 
which ſuddenly raiſed the upper part of the liſtner, the 
envelope and part of the traverſing, and changed them 
into trenches, as in fig. 13. to the lenoth of 56 fathoms; 
being about 24 feet broad, and about 8 deep; a little 


after 
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after were ſprung by the ſame fire, the reſt of the com- 
munication or traverſing adjacent, with half the magi- 
Rral in the gorge of the place of arms, by means of 24 
barrels of powder placed in ſix heaps, which changed 
theſe galleries alſo into trenches, the length of 38 fathoms, 
that 15, the liſtner on the right, the envelope, the 
traverſing, and the magiſtral, formed one continued 
trench. | 
The fame day the miners, after having cleared the 
bottom of the excavation near the liſtner at the left, 
opened the gallery and penetrated into the liſtner, char- 
ged it and the traverſing with 20 barrels of powder 
placed in 4 heaps ; they charged likewiſe the other half 
of the magiſtral gallery, in the place of arms, with 12 
barrels of powder placed in 3 heaps. 
Things thus diſpoſed, the count d'Argenſon and the 
duke of Belleiſle came the 19th, to ſee the remainder of 
the operations; the firſt changed the liſtner, which was 
22 fathoms long, into a trench with more ſucceſs than 
the former, .as being better cleared; after this, the reſt 
of the magiſtral gallery was fprung, which made a 
trench of 20 fathoms. Theſe trenches may be traverſed 
and finiſhed, as in fig. 14. | es 
It may perhaps be faid, that as theſe countermines 
were not defended, it is no wonder that theſe trenches 
were ſo cafily made: but this objection deſerves no 
anſwer ; it is ſufficient, that the operations made here 
are what is daily practiſed at the ſchool of artillery, 
without any body receiving the leaſt harm. 
All theſe experiments being finiſhed to the ſetisfaction 
of the count d'Argenſon, without any accident, that mi- 
niſter, to verify them to the king, had a memorial drawn 
up, and ſigned by Meſſrs. Valiere, Gourdon, lieutenant 
generals; d'Auville, Chateaufer, Gribauval, captains 
of miners; Belcourt, third commander of the ſchool of 
artillery at la Fere and Belidor. 1 
It is after this memorial that the preceding facts have 
been written, which cannot be ſuſpected of any altera- 
tions, 
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tions, every thing was approved of by all who were 
invited by M. Count d'Argenſon, to ſee them. 

From theſe experiments has been deduced a method 
for changing galleries of mines into trenches, viz. after 
having ſtopt the entrance with ſand bags or wood, the 

heaps of barrels of powder ſhould be placed at equal 
_ diſtances from each other, to make them take fire toge- 
ther, and this diſtance ſhould not exceed triple the de pth 
of the gallery, from thence the length of the de 
will be determined. I he charge ſhould not be too 
great, to prevent the making too deep a trench, 
for the ſoldiers to defend them; each heap of powder 
ſhould contain as many barrels of 100 Ib. as there are 
feet in the fourth part of the depth of the gallery, in a 
common ſoil. For example, having a gallery of about 
24 fathoms, and 16 feet deep, there ſhould be 4 barrels 
in a heap, and 4 heaps, diſtant 6 fathoms from the cen- 
tre of the one to the centre of the next, and half that di- 
ſtance from the ends. I his may be done in 4 hours. If 
the galleries were ſituated in a different ſoil, than that we 
have here ſuppoſed, a trial muſt be made to determine 
trom thence the proper charge. 

To account for the effect of powder in galleriesof mines 
changed into trenches; Iconfider that theſe galleries are in 
the ſame caſeas a muſketthat is to be burſt, w which requires 
not to be charged with a great quantity of powder. For 
if its end be well ſtopped, when the powder is fired, the 
flame being prevented from ruſhing out, eufleavauts to 
extend itſelf, till a ſufficient quantity is fired to overcome 
the obſtacle that reſiſts it, opens the barrel from one end 
to the other. The ſame thing happens in galleries of 
mines; for when the heaps of powder are properly diſ- 
poſed, and the leaders ſo contrived as the ſeveral heaps 
take fire at the ſame time, the flame extends all over till 
2 ſufficient quantity is lighted to burſt the gallery. From 
hence it follows, 

1. That the method of changing galleries of mines 
irto trenches, wilbbe of excellent ule, "eſpecially when 
the ſoil. is gravel or ſtony, which is improper to pro- 


ceed 
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ceed by ſap; for this is no hindrance to the effect of 
powder, as found by the experiments made at Biſy. 
- '2. That the countermines, as commonly made in a 
fortified place, are a diſadvantage to the beſieged inſtead 
of an advantage; eſpecially, if the beſiegers have plans and 
Profils of them, becauſe they cannot ſpring an advanced 
mine, without giving the enemy an opportunity to 
burſt their galleries, and advance to the covert-way 
with very little trouble, and to erect batteries with 
ſecurity. 
3. Henceforw ard, the chance of the beſieged and 
befiegers will entirely be changed, fince the latter will 
find diſpoſitions ready prepared, which will turn more 


to his advantage, than the place could for:nerly have 


3 from them. | 

That in the attack of places countermined, the 
Wege miners will be of much greater importance than 
ever; ſince the taking the covert-way will be their lot, 
as well as all thoſe works which have under-ground 
communications with the place, ſuch as the citadel of 
Tournay and many others, and the place itſelf, 11 it has 
any ſuch paſſages. 

That the preſent method of making countermines, 
leading towards the covert-wav, muſt neceffarily be 
changed, in order to prevent the enemy from nn 
the galleries to his advantage. 

Plate III. Fig. 17. To apply our method of attacking 
the countermines in a place beſieged, I ſuppoſed, the firſt 
and ſecond parallels made the latter A, B, C, to be di- 
ſtant of about 60 fathoms from the palliſades of the 
covert- way, and from thence the trenches are carried on 
in the capital of the ravelin, and in thoſe of the adjacent 
baſtions of the front attacked; and after this, batteries 
L are made of cannons and mortars to enfilade by rico- 
chet, the covert- way, and the ramparts parallel to it, 
to deſtroy their defences. During this time, the ſapers 
carry on the ſaps towards the places of arms in the co- 
vert way, both faliant and rentring; to eſtabliſh the 
heads E F near the ends of 10 liſtners G, G, before 

the 
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the ſaliant angles, and the miners proceed under- ground 
to place chambers J, overcharged, between the extre- 
mities of the liſtners of the re- el ring angles: { ſuppoſe 
they have taken the precaution to fink "their ſhafts as 
deep as the countermines, that the chambers may nearly 
be upon a level with the galleries, and that the ſhafts 
are placed in the trenches K, which lead from one bat- 
rery to the other, not to interfere with any other works; 
from the bottom of theſe ſhafts they make the galleries 
K L of about 20 fathoms long. This will be a work 
of 4 or '5 days to the eſtabliſhing their chambers, which 
ſhould be finiſhed at the ſame time, that they may be 
ſprung together; the fapers will by this time be arrived 
to the heads E F, to induce the beſieged to ſpring ſome 

of their mines, to deſtroy them ; with a little attention 
his intention may be diſcovered time enough to with- 
draw the troops. 

Suppoſing, that they have Cong 2 or 3 mines at each 
fide, as ſoon as this is done, the miners enter into the 
excavations to diſcover the galleries, which they muſt 
do at the ſame time, while the ſapers form a lodgment 
in the excavation. When the galleries are found and 
cleared, they ſtop up their entrances, to keep in the ſmoke 
till they want to make uſe of them. On the other 
hand, all the globes of compreſſion are fired, and from 
their excavations ſearch is made on the right and left to 

diſcover the liſtners ; ſo that, if the meaſures have been 
rightly taken, 14 entrances into the countermines will be 
found, by which it will be out of the befieged's power 
to reſiſt equally every where; thould there be bur half 
that number pra-ticable, it would be ſufficient to get 
poſſeſſion of all their mines; of which, only thoſe that 


are convenient to advance the ſiege, are to be changed 
into trenches. 


Obſervatiens on the Preceſi 0 5 Theory. 


That this theory grounded on the globe of compreſ- 
ſion, is a great improvement upon the art of mining, 


muſt 


„ 


, 


muſt be allowed: the experiments made at Biſy and la 
Fere, before many military gentlemen, demonſtrate its 
great effects, and intirely overſet that old erroneous. 
opinion, hitherto believed by miners in general, that 
powder confined in mines acts on the weakeſt ſide, 
and not dewnwards nor ſide-ways. Since galleries 
were deſtroyed under and at the ſides of the chamber, at 
the diſtance equal to four times the line of. leaſt reſiſt- 
ance; Whereas before it was ſuppoſed that it could not 
make the diameter of the excavation above twice that 
line. Therefore, as long as this erroneous opinion, in- 
fiſted upon by all authors, ſubſiſted, the theory of mines 
could not be brought to any degree of perfection. | 
1 he method of throwingthe cannons of batteries placed | 
_ onthe covert-way, into the ditch, is no leſs important, ſince 
nothing can diſhearten the beſiegers ſo much, as to ſee 
their batteries for making a breach deſtroyed as oft as 
they attempt to raiſe or repair them. It may be obſer- 
ved that the ſmall mines A, Plate I. fig. 6. ſeem not to be 
abſolutely. neceſlary, provided the great ones B, are placed 
directly under the breech of the gun; for in this caſe, as 
the part of the gun and carriage towards the place is 
much heavier than the other, if the mine be properly 
charged, mult throw the guns towards the ditch, with- 
out the help of theſe ſmall mines; for this has been 
effected by one mine only, at Byffeet camp, ſome years 
ago, by Matthew Clark, one of the greateſt engineers of 
——_ oat oY 75 
The greateſt advantage of this theory confiſts in 
changing the galleries of countermines into trenches of 

an attack; ſince it reduces the moſt dangerous and dif- 

ficult part of a ſiege, which is that from the third paral- 
lel to the intire poſſeſſion of the covert- way, into a very 
ſhort and ſafe method, ſuppoſing the place counter- 

* mined. This method is however liable to ſame ob- 
jections: M. Belidor mentions one; which is, hat it may 
be ſaid, the countermines in the place of arms not having 
been defended, it is not to be wondered that ſuch an advan- 

age bas been made of them: without any other anſwer han 
| | EE wn 
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what 15 daily practiſed at la "oy N ow if the beſieged 
are prevented by the ſmoke to enter into the galle- 
ries, does not the ſame difficulty obſtruct the befiegers ? 
It 1s true, he ſays afterwards, that the entrance from the 
excavation 1s kept ſtopped till they want to uſe them, 
and when opened, the air enters at one end and drives 
out the ſmoke through the other. But then fo ſoon as 
the gallery 1s cleared from the ſmoke, it may be entered at 
both ends, by which the beſieged can with an equal ad- 
vantage defend them, as the befiegers to get poſſeſſion. 
And if the beſieged are aware of the enemies defign, they 
may ſtop the entrance on their ſide, by which it will be 
impoſſible for them to make uſe of them againſt' the 
place, It is true that the befieged deprive themſelves 
of the uſe of the reſt of their countermines, unleſs they 
are loaded and ſtopped beforehand, which is not to be 
done in certain circumſtances” 

If theſe ſtratagems ſhould be foreſeen by the beſieged 
and prevented moſtly, yet by means of the globe of 
compreſſion, their galleries may be deſtroyed fo as to be 
quite uſeleſs, the befieged will be enabled to proceed in 
their trenches, and raiſe their batteries without any other 
_ diſturbance bur from above-ground. From whence 
it clearly appears, that the countermines, formerly the 
greateſt obſtacle of a fiege, are now of very little advan- 
tage to a fortified place. 

The great effect of powder, though not confined, as 
hitherto thought neceſſary, has been known long 
ago. In the duke of Sully's memoirs, page 136, 
coctavo edit. vol. I, we find this remarkable paſlage ; 

** the king of Navarre took Monſegur. Captain Milon 
< incloſed five hundred pounds of powder in a bag, 
& which he found means to introduce into a drain, from 
the town into the ditch between two principal gates 
te of the town; the end of the leader was hid in the graſs. 
« Every thing being ready to play off this machine, 
« the king gave us leave to go and ſee its effect; which 
© was ſurpriſing. For one "of the gates was thrown 
* into the middle of the town, and the other into the 
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cc field, fifty paces from the wall: all the vaults were 


e deſtroyed, and a paſſage was made in the wall for 


ö 


“ 3 men to enter a-breaſt, by which the town was 
« taken.” | 


M. Valliere's Diſſertation on Mines, and 
their Advantages in the Defence of 
Places. 


I ſhall not give, in this diſſertation, the conſtruction 
of mines or countermines, the poſition of liſtners, cham- 


bers, their charges, nor the manner of ufing them; 


but only a general idea of the advantages which may be 
drawn from countermines, if they were conſtructed and 
defended as they ſhould be. To explain every thing, it 


would be neceſſary to enter into the particulars of the 


practice, beſides trigonometry; treat of the theory of the 
colliſion of bodies; the communication of motion; the 
reſiſtance of ſolids on the various forces of percuſſion, 
and elaſticity of the flame, ariſing from different quan- 
tities of powder on the time; the different manner of its 
inflammation, in different fire-arms, according as the fire 
is conveyed; and, in ſhort, into the phyſico-mathemati- 


cal knowledge, which requires a chain of demonſtrations 


ſufficient to fill a large volume, of which this diſcourſe 
could only ſepve as a preface. 
When Spain made the conqueſt of the kingdom of 
Naples from the French, Francis George, an Italian ar- 
Chitect at Naples, propoſed to Peter Navarre, the 
Spaniſh general, beſieging at that time the caſtle del 
Ovo, a method of becoming ſoon matter of this caſtle; 
the French who defended i it, were the firſt who felt the 
effect of powder in mines; the architect, whether by 
:nowledge or by chance, placing the powder in ſuch 
a manner, that he threw the wall and garriſon into the 
ea. This was then the origin of the artificial vulcano, 
invented to facilitate the taking of places; but it is found 
on the contrary, that it is more advantageous in the 


defence, without having as yet been rightly a 
. 
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It is known, that the perfection of arts and ſciences is 


reſerved td ſucceeding generations. With reſpect to the 


ſcience of mines, judging from what has been practiſed, 


there are certain principles, which, according to all ap- 


pearances, have not as yet been diſcovered; and from 
which are deduced ſuch facts and advantageous means 
for the defence of places, as would be unpardonable in 
us to have neglected. _ e 

What I have ſeen beſt on the effect and conſtruction 
of mines, are memoirs, containing ſeveral experiments 
of mines made fince theſe twenty-five years; giving the 
charges of mines pretty exactly, and the diameters of 
the excavations, according to their different lines of leaſt 
reſiſtance ; I ſay pretty exactly, becauſe there is a certain rule 
and geometrical accuracy to be obſerved in theſe things, 


not mentioned in thoſe memoirs. For inſtance, it has 
been found in practice, “* that a leſs quantity of powder is 


required, in proportion to the earth, in large mines than 
in ſmall: the reaſon given by ſome is, that a great quan- 
tity of powder produces a greater force in proportion than a 
leſs: but thoſe that argue in this manner would ſoon have 


diſcovered their error, had they conſidered, that not only 


the weight to be raiſed is to be conſidered, but likewiſe 
the tenacity of the parts; and as the tenacities are propor- 
tional to the ſurfaces, and the weights to the ſolid formed 
by the excavation; and the ſurfaces of large bodies are 


| leſs in proportion than in ſmall; the charges of large 
mines ſhould be leſs in- proportion thay thoſe in ſmall. 


This difcourſe on the proportion of charges only, ſhews 
the neceſſity of geometry in the uſe of mines; the bare 
knowledge of the practice is not ſufficient to underftand 
what has here been ſaid: there are beſides other caſes, 
wherein it rarely ſucceeds, though it be ſufficient in zhe 
7 ELL IE al N 2 e attack 


All the ſubſequent argument appears to be without foundation, 
by all the experiments made at la Fere at different times. For it was 
found that the charges were always proportional to the quantities of 
earth blown up, or the globe of compreſſion. M. Valliere has not 
leſſened the charges of large mines in his tables; which alſo con- 
tradict what is here ſaid. 
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attack of a place not countermined; becauſe when no- 
thing obſtructs the miners paſſage, it is eaſy to blow up 


a counterſcarp and make a breach in. a baſtion, and if 


ſome mines do not ſucceed, it is owing to the ignorance, 
ſcarcely pardonable, of thoſe who undertake to conſtruct 
them, unleſs ſome unforeſeen heterogeneous matter in- 
tervenes, and forces the powder to act differently from 
what it would have done in an uniform ſoil; but this 


accident happens oftner through 1gnorance than any thing 


elſe, becauſe a ſkilful miner commonly knows where 
theſe inconveniences are to be apprehended, and if he 
does not know how to remedy them, he ſhould at leaſt 
give notice to the general. 


It has not yet been rightly diſtinguiſhed, how far the 


word Countermine agrees to mines prepared for the de- 
fence of places; all know how much they intimidate 
the beſiegers, but the harm they have hitherto done is 
nothing in compariſon to what they may do, and what 


obſtruction they may make. I ſhall nct pretend to ſay, 


that they may render a place abſolutely impregnable, 
but I do not ſee how, with equal ſkill, to overcome 
all the obſtacles, nor to ſucceed in an attack of a place 
eountermined properly, and ſkilfully defended. 

It is preſuppoſed that I mean the fituation of a place 
proper for mines, well fortified, with a ſufficient gar- 
riſon to defend it, provided with warlike ſtores, provi- 


fions, and every thing elſe, which experience has ibewn 


to be neceſlary. 
A miner that knows how to uſe countermines con- 
ſtructed as they ſhould be, may ſtop the enemy's miners, 
ſtifle them, or deſtroy their works in ſuch a manner, as 


to make it impoſhble for others to return to the ſame 


place, or, if he pleaſe, let them enter the galleries, block 


up the paſſage, and take them priſoners, or kill them if 


thought proper. In ſhort, the beſieged who know how 
to take all advantages, will be maſter of the fate of their 


enemies: for without mentioning all the traps and ſtra- 
tagems which the enemies cannot foreſee; finding it im- 


poſhble 
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poſſible to advance, and the under- ground paſſages being 


ſtopped, and not being able to make mines that can be 
of any uſe to them; if neceſſity obliges him to brave the 
mines, and to carry on the attack above- ground, he muſt 
be very obſtinate to perſiſt in ſpite of all the hardſhips 
that the beſieged can make him endure, not only in ma- 


king his approaches, but likewiſe in making his lodg- 


ment on the covert way, and every where elſe, Where 
he dares to carry on this work. | | 
If he proceeds by ſap to the covert-way, it will be 
proper to give him notice from time to time, by ſome 
mines, of the danger he is in; if he makes his attack 
ſword in hand, mines appear then uſeleſs; yet they may 
ſtartle the troops during the attack, and bury ſome men; 
but as the excavations may ſerve for lodgments, it will 
be better to reſerve the mines for diſturbing the work, 
and conſequently to gain time; beſides, theſe firſt mines 
ſhould not be loaded till they are to be uſed, in order 
to be always ready to prevent the enemy from advancing, 
which cannot be done, if they are charged before. The 


enemy being arrived to the covert way, may attempt to 


re-enter the ground, whilſt he compleats his lodgment; 


but he will again be obſtructed, and find on all ſides 


the ſame difficulties as before. So ſoon as he begins to 
raiſe batteries for making a breach, it will be proper to 
deſtroy all the lodgments on the covert-way by the up- 
permoſt mines, for very good reaſons, and not wait till 
the cannons are mounted; for theſe ſmall mines looſen 
the earth where the cannon are to be, by which the 
next mines will throw the cannon, when mounted, to- 
wards the town, Theſe batteries being repaired, and 
the cannon mounted, which cannot be done in a ſhort 
time, the mines, which I ſuppoſe properly diſpoſed and 
charged, will throw the cannon, a ſecond time, into the 
ditch of the place. Such an adventure muſt aſtoniſh an 
enemy, for here is another battery and lodgment to be 
made; and when other mines throw the cannon again 
into the ditch a third time, if he is bold enough to 
venture raiſing batteries again, he will meet with the 
ſme reception. In ſhort, * there is a depth of Farth 
3 "_ 
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of 25 or 30 feet, it is eaſy to blow up the ſame ſurſace 
near the covert-way, 6 or 7 times, Which certainly is 
more than ſufficient to diſhearten the moſt goſtinate 
enemy. 85 | 
+ 'Fheſe mines ſhould be diſpoſed in ſuch a manner as 
not to damage the parapet of the covert-way, that it 
may remain in a condition to be occupied as oft as the 
| lodgment is demoliſhed; at the ſame time the faps, 
communications, and parallels, by which the enemy 
maintains his lodgment on the covert-way, muſt not be 
ſpared, ſome mines muſt continually be ſprung, with the 
precaution to deſtroy always thoſe works which are found 
moſt complete. 55 on; 
It muſt here be obſerved, that if the depth of earth 
near the covert- way admits of being blown up 60or 7 
times, it is eaſy on a level ground of that depth to diſ- 
poſe the chambers of mines in ſuch a manner, as to blow 
up the ſame ſpot 20 times all over the glacis and beyond 
it, becauſe they are not confined on one fide, as thoſe 
near the covert-way. 
lf the mines made it impracticable to make a breach 
with cannons, and yet the enemy is obſtinately bent to 
purſue his enterprize, what meaſures can he take? Will 
he have recourſe to eſcalades? This ſcheme is chimerical, 
and little to be feared, for a garriſon that knows how 
to defend itſelf. I mention this, becauſe I happened 
to be at Landau when beſieged in 1704, where the gar- 
rifon, b:ave as it was, having done all that could be 
expected, were at laſt in fear of an eſcalade; on which 
ſaſpicion, they determined, after 2 days debate, unſea- 
ſonably to let the water- into the ditch. Will the 
enemy have recourſe again to mines? There are but two 
ways to arrive at the place or outwork ; the one, to paſs 
under the ditch from the covert-way ; a tedious work, in 
which he certainly will be obſtructed; the other, to 
throw the counterſcarp into the ditch, and to paſs. it by 
means of an epaulement. In both ways he may ſut- 
Heiently be obſtructed, to be diſheartened. But ſuppoſe 
he arrives to the body of the work, a principal gallery 
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with liſtners, placed behind the ſcarp, will render his 
ſucceſs impoſſible. 


The preſent practice is, that the enemy advances' to 


the covert-way by means of covert-faps, that is, by un- 


derground galleries, leaving only half, or a foot of earth 
over their heads; then throwing down this head, their 


lodgments are almoſt quite finiſhed. Nothing is more 
eaſy than to flop this work, and to oblige the enemy to 
proceed in another manner, if thought proper. 

From theſe general hints of countermines it appears 
what may done, when joined to a proper conduct of the 


garriſon, which may and ſhould, by a well-regulated 


conduct, contribute to the entire deſtruction of the ene- 
my, in taking advantage of all the diſorders he is put in, 
by the effects of countermines. It muſt be confeſſed, 


that this is the beſt, and perhaps the only defence, from 


which ſuch great advantages can be made. 
As we have not as yet heard or ſeen a defence of this 


nature, what I have faid in favour of countermines, 


may perhaps appear a mere imagination; yet I advance 
nothing but what is grounded on theory and confirmed 


by experience; it is matter of fact, and I not only can 


ailert the poſſibility, but likewiſe the eafineſs of i its exe- 
cution. 


No countermines I have ſeen, in the ſeveral attacks 


| have been at, were diſpoſed in a proper manner, nor all 
the advantage made of them, if properly exerted. It is 
true, that theſe advantages depend on fuch mechanical 
principles as are taught by geometry, which few miners 


are acquainted with. 


J ͤmuſt own, that 15 or 20 miners 's commonly ſent 


into a place beſieged are by no means ſufficient ; for the 


moſt that they can do, is to make a few mines here and 


there under the glacis, which only frightens the enemy 


without doing any great harm; the little time that is 


gained by them is not worth mentioning. Beſides, for 


want of communications, the mines muſt be charged at 
the approach of the enemy to the covert-way, which is a 


great diſadvantage ; to this I may add, that if the num- 
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ber of miners were greater, if their works are not begun 
before the ſiege, the ſituations are oft ſuch, that very 
little reſource can be expected from them. 

To prepare ſuch countermines as I propoſe, requires 
time and expence, but neither are ſo conſiderable as 
might be imagined: in 3 or 4 months, if no rock inter- 
venes, a place may be ſufficiently countermined, as far as 60 

or 70 fathom from the covert-way, ſuppoſing a ſufficient 
number of workmen. As to the expence, it is a meretrifle, 
in compariſon tothe many millions of livres the fortification 
of a place coſts, to preſerve which requires all the care 
and precaution that is poſſible; for in a front of a poly- 
gon of 200 fathoms, I ſuppoſe requires 2000 fathoms of 
galleries, which may perhaps coſt 3 000 livres in ma- 
terials and workmanſhip, and 100,000 lb. of powder in 

reſerve for that uſe. | 

It muſt be obſerved, that if ſuch a work be underta. 
ken, it ſhould be carried on with all ſpeed, and without 
intermiſſion ; all the parts of a' place, ſuſceptible of ma- 
king mines, ſhould be finiſhed together, for it would be 
dangerous to be attacked in a front not prepared, whilſt 
all the others are; it will beſides inſtruct the enemy of 
your condition, which he always diſcovers too ſoon. 

The ſcience of countermines has a ſuperiority over that 
of fortification, becauſe the latter is partly arbitrary, 
whereas the former is determined by the ſituation of the 

works and nature of the foil: another advantage the 
mines have, no leſs conſiderable than the former, is, that 
the pofition of theſe mines may be ſo varied, as to be 
impoſſible for the moſt experienced em to gain any 
intelligence of them. 

The galleries ſupported with wood, are eaſier defended, 
and more commodious to avoid certain accidents, than 
thoſe made of maſonry; but as wood decays, it is more 
convenient to make thoſe galleries, which are to ſtand a 
conſiderable time, with maſonry, by obſerving however 
w make the roof flat, inſtead of round as they are com- 

_ monly made, to prevent certain accidents. As to the 
+ which may be made againſt this method of 
making 
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making countermines; the moſt material is, that the 
miners cannot enter thoſe galleries filled with ſmoke 
ariſing from the ſpringing of a former mine, which ſuf- 
focates them; but theſe, and other inconveniences, may 
be avoided, by a particular conſtruction of theſe galleries, 
Which purifies the air, and makes it circulate“. 


General Conſtruction of the ſeveral Stages 
op. of Countermines, 2 


Fig. 18, in the line g H, repreſenting the ſlope of the 
glacis, take the line g F, equal to 4, 5, of 6 feet, for 
the thickneſs of earth to be left to ſerve as a parapet to 
the covert-way: take F z, equal to half the diameter of 
the excavation, and 2 O, the perpendicular to FH to the 
line of leaſt reſiſtance; then the line F L will repreſent 
the ſection of the plane in which the ſeveral ſtages of 
countermines are placed, In order to find the diſtances 

of the chambers in that plane, take OM, MIL, each 
equal to F O, and the points O, M, L, will repreſent 
the centers of the chambers: this may be carried on to 
any depth. This conſtruction is evident from M. Be- 
lidor's principles, that the charges of mines are propor- 
tional to the cubes of the radii or lines OF, MO, LM, 
of the globe of compreſſion. 

M. Valliere will have the line M O always equal to 
the line of leaſt refiſtance, O z, of the mine next above 
it; but obſerves, that in a foil of an uniform denſity, 
experience ſhews that theſe lines are to be increaſed by 
one third of the line of leaſt refiſtance ; ſo that if the 
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What this particular conſtruction of galleries, which M. Valliere 
mentions here, is, remains as yet a ſecret; nor can it be gueſs'd at: 
for if he means that air-holes may be made from diſtance to diſtance, 
they may be diſcovered from above, and either ſtopped, or ſome 
ſtinking compoſition thrown through them into the galleries, and 
thereby increaſe inſtead of diminiſhing the danger: or whether, the 
galleries, by having ſeveral entrances, and a communication with 
one another, can be freed by this means from the ſulphurous ſmoke, 
ſoon enough to be entered and defended when required, can, in my 
opinion, only be known from experience. 
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line of leaſt reſiſtance Qz is 12 ſeet, O M ſhould be 16; 
which anſwers our conſtruction nearly. He ſappoſes 
kkewife in his conſtruction, that the diameter of the 


excavation is always double the line of leaſt reſiſtance; 


but we have proved, that it may be triple or quadruple 
of that line. It is therefore neceffary in this conſtruction 
to determine the ratio of the lines F z and 2 O, from the 
charge, to determine the plane F L of the ſeveral ſtages 
of mines. 

Fig. 19. ſhews the diſpoſition of the chambers of the 
countermines, in a ſection of the glacis parallel to the 


covert- way; and how er ſhould be placed under each 
other. 
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Explanations of the Figures. 


PL A 1 . 
Fig. 1. Shews the figure of an excavation. 


Fig. 2. Shews how the ſame battery has been blown ups times 
by 3 mines C, D, E, placed below each other. 


Fig. 3. Shews the plan of the galleries and chambers, 


Fig. 4. Profil of the ſame mines lengthways of the battery. 
Fig. 5. Shews how a battery is blown up once only. 
Fig. 6. The plan of the galleries of the preceding mines. 
Fig. 7. Plan of mines conſtructed at Bic, to ſhew the effect 
of the globe of compreſſion. 
E. Chamber, whoſe line of leaſt reſiſtance was 12 feer, and 
loaded with 3000 Ib. of powder. _ 
IF. Gallery 69 feet long, going from the bottom of the pit I. 
and paſſing 14 feet under the chamber E. 
HG. Branch from the gallery, 14 feet lower, and 8 diſtant 
from the chamber E. 
Fig. 8. Section thro' B A, paſſing, thro' the chamber E. 
YZX. The gallery going from the pit I, floping 18 inches 
from V to Z, the reſt being level. 
8 1 line, and O N the flope of the ground of 
5 feet from the gallery A to the gallery B. 
R S. A perpendicular of 26 feet. 
Fig. 9. Section thro D C of the plan paſſing likewiſe thro? 
the chamber E, and the galleries D, C. 
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R 
Fig. 10. 11. Shewing the extent of the excavation made by 


low galleries. 
Fig. 12. The plan of a place of arms D in a covert-way, 
countermined. 
Fig. 13. The ſame place of arms, as appeared when the 
alleries were blown up, to make trenches. 
Fig. 14. The ſame as the two former, only cleared and 
traverſed, to prevent being enfiladed. 
Fi 118 A ſection of the 13th figure. | 
8. 16. A ſection through the 14th figure, formed inte 
ſteps. | 1 * 
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Fig. 17. Shews the plan of an attack of a place countermined. 
The great circles, I, repreſent the effects of the globes of 
e and the little circles the countermines ſ prung 
dy the beſieged to den up the advanced ſaps of the be- 
ſegers. | 
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the chamber E, fig. 7, and the parts burſt of the high and 


A Scheme to improve Artillery, 


For Sera and LAND "SERVICE. 
IE indiſp enſable neceſſity of having a very large 


rullery, for Sea and Land Service, and the ex- 
traordinary expence attending it, induces me to hope 
that this propoſal for reducing the weight and expences, 
may be acceptable; eſpecially as no nation have as yet 
made any ſuch attempt. 

This is to be conſidered under two heads: the one to 
diminiſh the weights; and the other not to uſe any . 
braſs field artillery, but only iron; to leſſen the great 
burthen of our ſhips of war, and to carry larger cali- 
bers than thoſe of other nations of the ſame rate. If the 
weights of our guns are diminifhed, they will require 
fewer hands to manage them, and of conſequence, a 
fmaller number will be expoſed to danger at a time : 
and if we carry larger calibers, our rates will be a 
match for larger ſhips. 

The advantage of uſing iron guns in the field inſtead of 
braſs, will be that the expences are leſſened in propor- 
tion to the coſt of braſs to that of 1 iron, Which is as 8 to 1. 

The only objection againſt! iron is, its pretended brit. 
tleneſs: but as we abound in iron, that is ſtronger and 


| tougher than any braſs, this objection is invalid. This 


I can aſſert: having ſcen ſome that cannot be broke by 
any force, and will flatten like hammer'd iron: if then 
we uſe ſuch iron, there can be no danger of the guns 
burſting in the moſt ſevere action. 

Though braſs guns are not liable to burſt, yet they 
are ſooner rendered unſerviceable in action than iron. 
For by the ſoſtneſs of the metal, the vent widens ſo ſoon, 
and they are liable to bend at the muzzle, that it would 
be dangerous to fire them; as we have found by ex- 


perience at Belleiſle, and where we have been obliged to 


take guns from the ſhips to finiſh the ſiege. 

Theſe being undeniable facts, no poſſible reaſon can 
be aſſigned againſt ufing iron guns in both ſea and land 
ſervice, and thereby leſſen the expences of artillery, ſo 
conſiderably as will appear by the following tables. 


Length 


AT LG ERYE - as 


Length and Weights of Iron Ship Guns, 
OLD PIECES. | NEW PIECES. 


Calib. Length | Weight | Calib. |engrh | Weigh | 
e, e e eee WO rem 
] "TP: Is. | 3 TOC I | 
%Fͤͤôͥòä.. TSF 1.30 
ar l 2 13] | © 4. :4.1:7,2:-9 
18 7.9407 3M 1Y 3-9 11 4 0 
— — — Rey — 
t 9 71 i 2-3 12 ine © 
112 „32 3 3] [18 6 4 |22 2 

I 9 o 41 „7 | 30 0 © 
124 9 8 0 © | 32 7 640 o © 
J 32 | 9 6 | 53 3 230 | 42 | 8 4 | 52 2 of 
4 42 10 0 48.2 72 148 1 6 bo. o 9 


Egmont, and that they may even be made lighter and of 
equal ſervice. | 


Length and Weight of Battering Pieces. 


— OLD. BRASS. NEW IRON. 
| lib. ann Weight | Calib. | Length} Weight, | 

| Ft. In. 115 | Ft Ia. n 
I th F. 

— 2 — — — 

12 5 9 © 29 0. 0, Sr 75 148 0 of I 
NTT AT EEK Ws — — — | — — — 8 | 
118 Jig 6 48 0 0 18 4:0 0: 129-1 of 
1 9 6 51 > ns 24 o $1379 3-0 

32 10 0 . 3 = 31 9 1 | | 
es, - | ee ” Total 151 | 


Pitt. 76 2 © 1 
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That theſe guns are ſufficiently ſtrong, is evident from 
the former trial; beſides, there are ſeveral 32 pounders 
of the ſame dimenſion and weight now exiſting and ſer. 


 viceable, though caſt in King Charles the Second's time. 


N. B. Thete battering pieces may ſerve in Garriſons. 
It appears from theſe tables that no proportion has 


beeen obſerved in any guns hitherto made, in reſpec to 


their length or weight, but merely by gueſs. 


Some examples to ſpew what may be ſaved by this ſcheme. 
The Royal George carries a hundred braſs guns, 


"which weigh together 218.2 tons, the ton n coft t 30 pounds, 


workmanſhip included. 

The expence of theſe guns is then - - 28366 pounds 

A ſet of the iron guns of the ſame 
number and calibers, according 127.8 tons 
to my conſtruction, weighs 

The ten coſt 16 pounds, and the 1 
n 2044.8 my 

The Royal George carries then 
90.4 tons more than is ne- 
ceſſary, and the difference be- 
tween the expence 8 

That is 12.5 times more than the new iron ſet coſts: 
or twelve ſhips of the ſame rate may be fitted out 


leſs charge. . 
Old 7 irons guns for a 204. 4 
A ſet of the New firſt-rate dey 127.8 tons 
The difference betwen the weig ohts 
of the old and new is $ 70. 6 tons 


ifference between th e n | J 
The differ en the expe ©? 1225. 6 pounds | 


is then 
A ſet of brafs battering pieces be tr 11.36 tons 


A ton coſt 130 pounds, and the ſet 1476.8 pounds 


A ſet of the new weighs - = 7.55 tons 
ITbe ton coſts 16 pounds, andthe ſet 117.8 pounds 
That is 11 times, and 632 over, more than the new 
ſet, or eleven ſets of 05 new, could be made at 
leſs expence than one of the old. Fe 
| le 


26321. 2 pounds 


” WWW =- aA 


This table ſhews what may be ſaved in the Navy, 
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and if we add thoſe on board ſloops, the different garri- 
ſons, and the field train, with the great expence of their 


carriage in the fi 


eld, it may be found pretty near as much 


more, 
Numb. | Weight | Wei ht „ Fo al 
i of - - of 1 o Differ. PR 
Guns. | Old. New. Ships. Di 
| 100 | 4367 | 3 2656 © [1811 3 $ 
| 90 3537 3 [2001 © [15360 3 | 9 
| 8 3108 3 [1827 0 1287 3 7 
j 74 | 3991 © [1840 2 [1250 2 32 
i 70 | 2997 © [1796 2 1200 2 10 | I200G 
| 64 12543 3 [1305 a jri2g8 2 23 
60 | 2177 3 [1185 Q | g72 3 39 129782 
| 50 | 1831 1 [1035 ©o | 846 1 19 
| 44 43904 2» {7 704 ee 8 
| 40 1234 2 | 312 2 | 922 & | 9 
| 32. | 956 2 | 435 © | 521 2 28 
I”. 200-8 1 4082 0 4 408-2 23 
[24 | $3+ 3:1: 855: 0 4-270 3 | 48 
| 20-5421 2 Jags + 1 230.1 þ- is 


Expences of the 


Difference between the Weights - - - - - 203918 3 0 


Braſs guns of two firſt rates, — 203918 15 0 
Iron ditto 


We get 


j 


* 
{+ 257028 0 © 


W 


If then no material objection can be made to this pro- 
poſal, ſo beneficial to the nation, I humbly hope that it 
will be put in practice, and that my trouble of com- 


poſing it, after above fifty years application, to theory and 


practice, will be conſidered. 
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N, B. The 


| 


Ball. B n 


Powder, |Maſqt. | Carbine. | Piſtol, | Muſgt. Carbine, Piſtol. 
Barrels. | ©. C. [. | No.] No. No. 
A Regiment of [Service | 132 | 35 2700 1 


Foot of gos 2 | . 
Men for - {Exerciſe | 10% 1800 A 


th of March, 
| 
| 


owance for 
1760. 


ö 


ion for the follow 


it 


on. 


A Regiment of | Service | 5 
Dragoons of i | 
360 Men for | Exerciſe | 7 


9 

n 
A Light Troop {| Service - 4 
of 121 Men ——— — 7 * 
for = « - Exerciſe I; — * 2 L = 2 


0 
* — 


Troops, being the Extra All 


Lear, commencing the 2 
agreeable to King's Warrant, 


Proportion of Ammun 


FT 298] 

N. B. The proportion of ammunition for a regiment 

of foot is 64 rounds for each man for ſervice, at 6 

drachms each cartridge, and 1 35 rounds each man for 
exerciſe, at 4 of an oz, 


Muſquet flints, 3 to each man for ſervice, and 2 for 
exerciſe. 

Muſquet balls, 20 to cach man for exerciſe. 

The proportion for a regiment of dragoons is one 
pound of powder for ſervice, and two pounds for exer- 
ciſe to each man; each cartridge to contain the ſame as 
thoſe of the foot. 

The proportion for the light dragoons is 64 rounds for 
each man tor ſervice, at 3 of an oz, each cartridge, and 
405 rounds each man for exerciſe, at 3 drachms each 
carnage. | 

The battalions of militia embodied are to have the 
ſamc proportion of ammunition as a regiment of foot, 
according to their numbers. 


Office ff Ordnance, May 14, 1760, 


Form of a Certificate for Ammunition to 
be addreſſed to the Right Hon. and Hon. 
the BOARD os ORDNANCE, wheneyer a 
Supply of Ammunition is wanted. 


\HESE. are to certify the Right Honourable 1 
Honourable the BoARD of OR DNAN CE, that the 

laſt Supply of Ammunition received for Uſe of 

Regiment of or Company of 

under the Command of is nearly expended 

in the Duty and Exerciſe of the ſaid Witneſs 

my Hand this Day of 

To the Rt. Hon, and Hon. the Board of Ordnance. 


Printed for 21 Sold by J. MILAN. 
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